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LETTER OF TRANSMITTAL

To The Hoxorable Goodwin J. Knight

Governor of the State of California

Dear Sir: I have the honor to transmit herewith Bulletin 174. Pumice, Pum-
icite, and Volcanic Cinders in California, prepared under the direction of Olaf

P. Jenkins. Pumice, pumicite, and volcanic cinders represent important natural

volcanic lightweight aggregate materials in California. These materials are

used widely by the construction and agricultural industries. The bulletin eon-

tains two parts : Part I, prepared by Charles W. Chesterman, a member of the

staff, deals with the history of the industry, the geological occurrence and origin

of the deposits, and descriptions of the many deposits of pumice, pumicite, and

volcanic cinders in California. Part II, prepared by F. Sommer Schmidt, con-

.sulting mining engineer, deals with the technology of pumice, pumicite, and

volcanic cinders, and especially with the pumice concretes. Bulletin 174 con-

tains numerous geological maps and photographs of the important producing

districts, and charts and graphs illustrating graphically the relationships be-

tween pumice concrete and ordinary sand-gravel concrete.

This bulletin is of interest not only to those utilizing pumice, pumicite, and

volcanic cinders, but also to those who are in search of a source of supply of

these materials and basic information concerning them.

Respectfully submitted,

DeWitt Nelson, Director

Department of Natural Resources
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ABSTRACT
I'uniice. pumicite, and volcanic cinders are products of explosive

volcanic activity. They are mined from volcanic and pyroclastic
rocks that ran^e in a^e from early Tertiary to Kecent and are
widely distrilniled throuKliont California. Magmas of acidic to

intermediate ( rhyolite to ande.sitet comi»osition Ki\e rise to pumice
and iminicite. Most volcanic cinders are basic (hasaltic) in com-
position, although a few are dacitic. On the basis of mode of
deposition, size distribution of the particle or fragment, and origin

of the material, deposits of pumic and pumicite are groui)ed i<ito

five .separate t.vpes : (1) subaerial deposits. (2) subaqueous
deposits, i'.i) vesiculated surfaces of obsidian domes or flows, (4)
Nuee Ardente deposits, and (.')) reworked deposits. Volcanic cinder
deposits are ^^ll1aerlal in character and are commonly cones built

up around a central vent. The major proportion of pumice output
in California is and has been from subaerial and subaqueous de-

posits. Most of the pumicite output in California has been from
subaqueous <leposits.

Alteration of the pumice and pumicite ranges from almost
none to an extensive development of montmorillonite, especially

in older pumicite deposit.s- of subaqueous deposition and certain

enrl.v Tertiary pumice deposits.

Deposits of pumice and pumicite range in size from a few
thousand tons to hundreds of thousands of tons. They contain
layers of pumice tuff that range from a few feet to well over 11)0

feet in thickness. Overburden commonly is a thin covering of

loosely consolidated pumiceous .soil. At a few deposits the over-

burden is a well-consolidated tuff that ranges from a few feet

to several tens of feet in thickness.

Some pumice and pumicite deposits were mined by underground
mining methods. Present production, however, is from quarries
where the material is mined by open pit methods. The loo.sely

consolidated tuffs comnnuily require only a bulldozer or dragline

to mine the pumice or pumicite, whereas blasting is required to

break down the pumice in well-consolidated tuffs.

Very little pumice, pumicite, or volcanic cinders is used directly

as mined from the quarry. Some crushing and screening are neces-

sary to produce materials and aggregate for specific uses, which
include concrete aggregate, insulating plaster, interior and exterior

stucco, abrasive, cleansing and scouring comi)ounds, fillers in rubber

and paints, cement additive, insecticide carrier, and soil condi-

tioner. The principal market for volcanic cinders has been as

aggregate in concrete.

First recorded production of pumice in California was about 60
tons in 1883. From ISMj'.t to the late l!)30's most of the pumice and
pumicite output in California was used for abrasive purposes.

From the latter part of the 1930's to date more of the pumice
output has gone into construction where it was u.sed as aggregate

in concrete either for precast blocks or slabs, or for monolithic

structures. The total combined output of pumice and pumicite in

California from 1909 to 19.53 was 1,801,.564 short tons valued at

$9,0.')9.030. Production statistics for volcanic cinders are incom-

plete, but for the period from 1916 to 19.53 the output for Cali-

fornia was about 4,617,000 short tons valued at about $3,996,000.

INTRODUCTION
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Scope of the Industry

Probably the earliest recorded production of pumice
or pumicite in California was obtained in 1883 when a

small volume of pumice-stone (pumicite) was mined
from deposits at Lake Merced, formerly known as Lake
Honda, in San Francisco (U. S. Mineral Resources, 1883,

p. 480). The 60 or 70 tons of pumicite that was produced
from this source was used as an abrasive on the Pacific

Coast.

An even earlier use for pumice (rhyolite tuff) in

California was jn the construction of many tj'pes of

buildings along the Mother Lode (Ileizer and Fenenga,
1948, p. 93). As early as 18.51 rhyolite tuff was a popu-
lar building material, and has withstood the test of time.

It is soft enough to be easily cut and dressed into build-
ing blocks of many shapes, and it is readily available.

The Col. Agoston Haraszthy champagne cellar, which
was built in 1857 near Sonoma, Sonoma County, was
constructed of rhyolite tuff blocks cut from an extensive
tuff bed that underlies much of the area near the cellar.

As early as 1888 a rhyolite tuff was used as a building
material at Owensville and Bishop in Inyo County. It

was obtained from a formation now known as the
Bishop tuff, although not actually a pumice or pumicite,
is tuffaceous, easily worked, and serviceable as a build-
ing stone. Goodyear in his account of field investigations
in Inyo County briefly mentions the use of the Bishop
tuff. "... I visited the southeast corner of the volcanic
tableland and took some specimens of its material, which
seems to be a mass of somewhat consolidated volcanic
ash. It is a soft rock, can be easily cut and dressed with
edge tools, and was used for manv of the houses of
Owensville" (Goodyear, 1888, p. 286).

During the construction of the Los Angeles aqueduct
from 1908 to 1918, considerable quantities of ground
pumice were mixed with portland cement and used as
a lining for the aqueduct (Lippincott, 1913).

Despite their early use as building stone and aggre-
gate material, most of the pumice and pumicite mined
up to the early part of 1930 was used for abrasive pur-
poses. Only a minor proportion of the total output was
employed for other purposes such as aggregate and
chicken litter.

During World War I the use of pumice as lightweight
aggregate was investigated, but the actual production of

pumice for aggregate purposes did not commence until

the mid-1930 's. At that time much of the pumice pro-
duction in California was used in the production of
roofing and acoustical granules for soundproof plaster.

However, with the outbreak of hostilities in Europe in

1939, and the final culmination of World War II, the
demand for lightweight aggregate materials for both
military and domestic consumption increased markedly.

Pumice properties throughout California and other
western states were developed and numerous public
buildings as well as domestic dwellings were constructed
of pumice concrete. This widespread use of pumice as
aggregate has extended into the post-war period and
probably will continue to overshadow its use as an
abrasive.

The status of pumicite also has changed, but not as

much as that of pumice. Although pumicite is being
extensively used as an abrasive, it is also being applied
widely in other fields where fillers are needed, particu-

larly as a diluent in paints and rubber goods, as an in-

secticide carrier, and as an additive in the manufacture
of cement.

,^The volcanic cinder industry which, in California, is

comparatively recent compared to the pumice industry,
probably began about 1916 when substantial amounts of
it were used as railroad ballast. Within the past ten
years more and more volcanic cinders have been used
as aggregate in concrete blocks, as stucco, and as ballast

and backwinding in railroad construction.
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T.he total production of pumice and pumicite in Cali-
fornia from 1905 to 1953 was 1,801,564 short tons valued
at $9,059,030. Production figures for volcanic cinders
are incomplete, but between 1916 and 1953 approxi-
mately 4,617,000 short tons were mined and valued at
about $3,996,000.

Pumice for aggregate purposes from deposits in Mono,
Inyo, Kern, Imperial, and eastern Siskiyou counties has
been shipped to markets in Arizona, Oregon and Nevada.
The actual volume of pumice exported is substantial,
and probably exceeds many times the volume imported
into California.

The volume of pumicite sent to out-of-state markets
from deposits in California is considerable and probably
amounts to the consumption of this material in the state.
Prior to the use of pumicite as an insecticide carrier,
and during that period where a bulk of the pumicite was
used in the manufacture of cleansing compounds and
soaps, much of the pumicite was shipped to eastern mar-
kets. Substantial amounts of pumicite for insecticide
carrier are being shipped to out-of-state markets al-

though the agricultural industry in California is the
principal consumer of this material.

There probably has been very little or no shipment of
volcanic cinders into or out of California.
Most of the deposits of pumice, pumicite, and volcanic

cinders in California are readily accessible to consuming
markets by rail or highway transportation.

These volcanic materials—pumice, pumicite, and vol-
canic cinders—are abundant in California and the re-
serves are large enough to support the vigorous, ex-
panding building industry.
Although there are numerous deposits of pumice, pum-

icite, and volcanic cinders in California, very little data
are available on (1) size and geological setting of most
of the deposits, and (2) the physical characteristics of
the materials they contain. Several large deposits have
been studied in detail by Federal or State agencies, or
by private industry. However, very little is known about
the smaller deposits and even many of the large produc-
tive deposits have been examined only superficially.

I ^'TDeposits of volcanic cinders characteristically lie on
the surface of the ground where they are easily mined
by surface methods. A number of pumice and pumicite
deposits in California can be mined easily, but in many
of them an overburden handicaps mining. Deposits with
excessively thick overburdens cannot be mined econom-
ically even though they are nearer markets than other
deposits with little or no overburden. Then too, under-
ground mining methods are more expensive than open
cut methods, and since pumice, pumicite, and volcanic
cinders are industrial nonmetallic raw materials which
compete with .sand and gravel that are mined by the
cheapest possible methods for markets, it is therefore
almost necessary to employ cheap methods in the mining
of pumice, pumicite, and volcanic cinders.
The mining of pumice and pumicite, like the mining

of many other nonmetallic mineral commodities, should
include a well-integrated program of exploration, devel-
opment, production, and marketing. Careful control
must be exercised in the mining of pumice and continued
sampling and testing of the product is necessary. Uni-
formity of the marketed product must be assured to ob-
tain and hold many large contracts. To assure customers

of ade(|uate, uniform supplies, pumice producers com-
monly stockpile the mined material well in advance of
the time it is to be used.

The trends in the change in the uses of pumice and
pumicite are well-illustrated in figure 15 which shows
the rapid decrease in the consumption of California
pumice and pumicite as abrasives as compared to that
used in all types of aggregate. Figure 15 does not indi-
cate that the overall consumption of abrasive pumice
and pumicite in California has decreased. There are
just as many industries in California that use abrasive
pumice as there were 20 years ago—perhaps more—but
the production of abrasive puipice in California has
virtually stopped and pumice for this purpose is being
imported into the United States and California from
sources in Italy.

The decrease in the production of aggregate pumice
can be attributed almost wholly to an increase in the
demand for expanded aiul i^intered shale aggregate. In
1950 there were only three plants in California produc-
ing light-weight aggregate from expanded and sintered
shale; in 1955 there were four plants operating around
the clock trying to meet the demand of the building
and construction industry in California.

The value of California concrete aggregate pumice at
the mine has ranged from $3.00 to $8.00 per ton and the
average for the period from 1935 to date is about $5.00
per ton. Pumice speciality products, including acoustical
granules and filler material, demand a higher price rang-
ing from $15 to $30 per ton at the plant.

The United States domestic price for ground, coarse
to fine pumice ranges from 3 cents to 5 cents per pound
in ton lots.

The pumicite used as an insecticide carrier sells for

from $15 to $20 per ton in carload lots at the plant. Some
grades of pumicite are marketed as speciality products.

They require special haiulling and packaging, and thus
demand a price far in excess of that paid for the bulk
of the pumicite Avhich is \ised as an insecticide carrier.

Volcanic cinders used as aggregate in concrete build-

ing blocks sell for $3.00 to .$5.00 per ton at the mine.

Volcanic cinders used in roofing, .stucco, and in agricul-

ture command a higher price.

Summary of Geologic Occurrence, Mode of Formation
and Distribution of Deposits

Most pumice, pumicite, and volcanic cinders are of

pyroclastie origin but some are cellular lavas. The term
"pumice" should be restricted to rocks that are the light-

colored cjecta from acidic and intermediate magmas and
consist of pumiceous glasses that are markedly cellular,

light enough to float on water and are larger than 4 mm.
In California, however, the term pumice has been em-
ployed very loosely and includes a wide variety of celhi-

lar glassy rocks of volcanic origin such as volcanic scoria

and pumicite (volcanic ash) as well as actual pumice
and cellular and amygdaloidal lavas of low apparent
bulk density.

"Pumicite" and volcanic ash are one and the same,
and are terms that should be applied to uncemented and
loosely cemented glassy pyroclastie debris consisting of

fragments less than 4 mm in diameter. Pumicite has also

been known as "volcanic dust," "geyserite," "diamond
grit," and even "silica." With regard to use of the term
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volcanic ash it is well to point out that it is not a product

of coiiihustion like ash but finely comminuted natural

pumice atomized by volcanic explosions. "Volcanic cin-

ders" (scoria) is a term applied to a clinker-like seoria-

ceous form of basic lava.

- As pumice, pumicite, and volcanic cinders have g;en-

erally similar oritrins, they are distinguished mainly by
their physical and chemical properties.

Basic maf.niias, which yield volcanic cinders, behave
quite ditTerently from acid and intermediate map:mas
which produce pumice and pumicite. Basic magrmas
soften at rather low heat because of their low silica and
high lime and magnesia contents. Moreover, the low vis-

cosity and large gas content of basic magmas do not

lead to explosive activity but to rapid boiling, a phenom-
enon characteristic of various lava lakes in active vol-

canos of the Hawaiian Islands. Basaltic pumices, how-
ever, do occur and are probably much more abundant
than was once realized. Pumiceous basalts and ashes are

common on the Hawaiian Tslaiuls and Vesuvius, and at

numerous other localities (Sonder, 1937, p. 499) through-
out the world.

Acidic magmas are more viscous than basic magmas.
Largely, because of their relative high silica content,

they melt at relatively high temperatures and solidify

at temperatures at which basic magmas remain quite

fluid. Therefore, during periods of quietness in the vol-

cano, acidic magma commonly ceases to flow, and forms
a plug of solid rock below which enormous pressures
are built up. Eventually these pressures cause the forc-

ible discharge of the solid material into the air.

Arerage cheinical iiitalj/se» of ticiilic. intennedidte, and basic

igneous rocks.

Aciilic (1) Iiitennedinte (2) Basic (3)

SiO- 72.08 54.5 48.4

AUOj 13.86 17.2 15.5

FesO, 0.86 3.2 2.8

Ti02 0.37 1.4 1.8

FeO 1.67 4.6 8.1

MgO 0.52 3.2 8.6

CaO 1.33 5.8 10.7

NaaO 3.08 5.1 2.3

KjO 5.46 3.6 0.7

HjO-f 0.53 0.8 0.7

PzOs 0.18 0.39 (t.27

MnO 0.06 0.16 0.17

(1) Average of 22 analyses of granite (calc-alkali granite), (Nocliholds, 1954. p. 1012).

(2) Average of (53.') analyses of intermediate igneous rocks. (Neptielinc not included)

INorkllolds. l!)r)4. p. 1032).
(3) .\verage of 637 analyses of basic igneous rocks. (Neplieline not included) (Nockholds.

19.i4. p. 1032).

If the dissolved gases in the viscous magma are able

to produce a froth of fine particles, or a large quantity

of bubbles in a short time, the formation of pumicite

(volcanic ash) is likely (Verhoogen, 1951, p. 738). How-
ever, if relatively few bubbles develop and the glass

comprising the bubbles is allowed to harden rapidly

enough to prevent collapse, pumice will form.

The development of an abundance of crystals increases

the viscosity of the magma and hence favors ash forma-

tion. Crystalline constituents are not common in all of

the pumice deposits in California, but in a few of the

deposits they constitute a nuisance. These constituents

occur as phenocrysts in the pumice, and as loose crystals

scattered among the pumice fragments in tutfs. Quartz
and feldspar are most common ; biotite and hornblende

are less abundant. Crystalline constituents are partic-

ularly abundant in the subaqueous deposits in the south-

ern Coso Range of Inyo County aiul in tiie dcjiosits along

the east and west sides of Hamil Valley between Laws
and Benton Station, Inyo and Mono counties.

The formation of volcanic cinders from basic magmas
is similar to the formation of pumice from acidic mag-
mas. Many seoriaceous and clinkery types of basaltic

lavas yield a relatively lightweight material resembling
volcanic cinders. However, some of the so-called volcanic

cinders in California appear to be formed through the

agglutination of basaltic ash or small clinkerlike frag-

ments into strong cellular masses that range in diameter
from an inch to a foot or more. Such fragments are typ-

ical of several deposits in Inyo, Lake, and Modoc counties.

Pumice, pumicite, and volcanic cinders are mined
from various kinds of pyroclastic rocks, including

breccia, lapilli tuff, tuff breccia, and volcanic conglom-
erate. The classification of pumice, pumicite, and vol-

canic cinder deposits therefor envolves a classification

of pyroclastic rocks, and such classifications were made
as early as 1886.

Of the many classifications of pyroclastic rocks, per-

haps the earliest was proposed in 1886 by Johnston-

Lavis and based upon their mode of origin. In the same
year, Walther and Schirlitz grouped them according to

mode of deposition and recognized four types, (1) pro-

duced by eruptions on land and deposited subaerially

(Trockentuft'e), (2) those resulting from eruptions under
water ( Wassertuffe), (3) material deposited in water
from subaerial eruptions and there admixed with sedi-

ment (Sedimenttuffe), and (4) deposits laid down on
land but later removed bv running water (Transport-

tuffe).

In 1932, the most comprehensive of several later

classifications was proposed by "Wentworth and "Williams

and was based upon the shape, size, and surface features

of the fragments, their internal texture, physical com-
position (whether glassy or crystalline), and mode of

origin.

For a working classification of pumice, pumicite, and
volcanic cinder deposits, the writer proposes one based

upon (1) mode of deposition, (2) size distribution of

particles and fragments, and (3) origin of the material

being projected from the volcano. With the exception of

a few occurrences of pumice, pumicite, and volcanic

cinders nearly all deposits of these materials are prod-

ucts of explosive volcanic activity, probably from central

openings or vents rather than from fissure openings.

This is especially true for cinder (scoria) deposits which

actually are volcanic cones built up around central vents.

When the lava was discharged from the vent into the

air it came to rest on dry land, in .streams of running

water, or bodies of standing water. On the basis of these

distinct modes of accumulation, most deposits of pumice

and pumicite can be grouped into (1) subaerial—those

deposited on dry land and (2) subaqueous—those de-

posited in standing or running water. In addition to

these two types of deposits of explosive origin, a third

type was formed on the upper surfaces of obsidian flows

and domes. This type ordinarily consists of pumice

rather than pumicite or volcanic cinders, and it formed

by quiet vesiculation of viscous, glassy lava as it rose

to the surface. A fourth type of deposit is the nuee

ardente, which is also of explosive origin, but contains

pumice fragments of many different sizes enclosed in a
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pumicite-like matrix. Reworked deposits constitute the

fifth type which represents material of any other type

of deposit that has been subjected to the reworking

action of running water.

Suhaerial Deposits. The subaerial deposits of pumice
and pumicite, though not as extensive as the subaqueous

types in California, cover small and large areas in Inyo,

Tmperial, Modoc, Mono, and Siskiyou counties. Nearly

all volcanic cinder (scoria) deposits are subaerial in

origin. Subaerial pumice deposits are characterized by
a lack of well-defined bedding and sorting, and a general

lack of the finer fraction or pumicite. The pumice frag-

ments are angular, range in size from dustlike particles

less than ^^e of an inch in diameter to lumps as much
as 8 to 10 inches across. They range in color from light

to dark gray, shades of buif and pink, and white. Scat-

tered throughout subaerial pumice deposits are several

different types of nonpumiceous materials, such as ob-

sidian, rhyolite, andesite, and basalt. Some of these stony

materials probably originated in the magma that yielded

the pumice ; others probably were torn from the vent

during explosions. In addition, there are noticeable

quantities of quartz, feldspars, biotite, hornblende, and
hyperstherne, all of which had crystallized in the vesicu-

lating magma prior to extrusion.

The pumice in subaerial deposits ranges from rhyo-

lite to andesitic in composition. The composition of any

one deposit is usually fairly constant.

Some of the subaerial pumice deposits in California

cover several square miles and range in thickness from a

thin veneer several inches thick to massive tuff layers

as much as 60 feet thick. A few of the subaerial deposits

contain layers of pumice separated by lava flows or dirty

pumiceous soil zones.

The subaerial deposits of pumice that contain rela-

tively large proportions of pumicite ordinarily are more

compacted than those that consist essentially of pumice

fragments more than | of an inch in diameter. The
degree of composition varies from one deposit to another

and also within single deposits.

Subaqueous Deposits. Subaqueous deposits are widely

scattered throughout California and cover extensive

areas in Contra Costa, Fresno, Imperial, Inyo, Kern,

Mono, San Luis Obispo, and San Bernardino counties.

One of the most distinctive characteristics of sub-

aqueous pumice deposits is an inverted graded bedding

in which there is an increase in size of pumice particle

from the bottom to the top of an individual bed (fig. 16).

Perhaps the main reason for inverted bedding in pumice

deposits is due to the differences in bulk densities of the

various grain sizes. The bulk density of pumicite, crys-

tal fragments, and lithic fragments is greater than that

of the pumice fragments. The pumice fragments com-

monly float on water and will sink at a slow rate follow-

ing settling-out of the pumicite, rock, and crystal frag-

ments. Laboratory experiments have demonstrated that

pumice fragments up to several inches in diameter will

remain afloat in water for several days to a week and
then will sink only as they become thoroughly water-

logged (Bateman, 1953, p. 1499).

Layers of pumice ten feet thick commonly show a

dozen or more inverted beds as well as an overall in-

crease in grain size from the bottom to the top. More-

over, much of the nonpumiceous material, such as min-
eral fragments and various rock types discharged with
the pumice, will be concentrated in the lower, finer-

grained layers.

Another feature that characterizes subaqueous de-
posits of pumice and pumicite is the presence of layers
of sand, clay, silt, or gravel that alternate with layers of
pumiceous material (fig. 82). This feature is most con-
spicuous in deposits that formed near shore lines of
former lakes where pumice that fell into the water be-

came interbedded with near shore and beach sediments,
or sediments brought in by streams. Bedding is more
pronounced in pumicite deposits than it is in deposits of
pumice. Because of their finer particle size, the indi-

vidual beds in deposits of pumicite commonly are only
a millimeter or less in thickness. Thin bedding is well

displayed in pumicite near Priant, Madera County (fig.

21 ) , where extensive deposits have been mined for many
years.

Vesiculated Surfaces of Obsidian Flows and Domes.
Pumice deposits that exist as vesiculated surfaces of

obsidian flows and domes have been observed in Cali-

fornia only at Glass Mountain in eastern Siskiyou
County and at Mono Craters in Mono County. At both of

these places the pumice occurs only at the upper sur-

faces of these extrusive bodies and grades downward
into obsidian. The pumice occurs in blocks that range in

size from a few inches to 5 feet or more in diameter.

The blocks are not systematically arranged, although
they form domical piles on domes and elongate ridges

on flows (fig. 20).

The pumice contains cavities that range in size from

V32 of an inch to 6 inches in maximum diameter, and
range in shape from lenticular to nearly rounded. Rock
fragments and crystals of quartz, feldspars, and ferro-

magnesian minerals are present but rare. The actual

thickness of the pumiceous crust is not known, but an
average estimate of 10 feet would be conservative.

Nuee Ardente Pumice Deposits. Pumice and pumi-
cite deposits that owe their origin to nuee ardentes

probably are much more extensive in California than
any of the other types noted above. The nuee ardente

or "glowing cloud" has been described and defined by
Perret (1935, p. 84) as follows: "A highly heated mass
of gas-charged lava is ejected from a vent or pocket,

more or less in a certain azimuth, onto an outer slope

where it continues its course as an avalanche, following

swiftly, however slightly the incline, by virtue of its

extreme mobility. The mobility is due to an immediate
subdivision of the lava into discrete particles and the

development of the particles in a highly compressed
gaseous atmosphere, due largely to continuous vapor
emission by the particles themselves. There is thus de-

veloped during the descent of the avalanche a violently

expanding cloud of gas and ash . . . Thus we reach the

conclusion that the more or less forcible expulsion of

lava from its pocket or dome is brought about by in-

crease of temperature, but favored by rise of the ma-

terial to a zone of lessened pressure."

One of the most characteristic features of the nuee

ardente deposits is the complete lack of sorting (fig. 18).

The material in this type of deposit commonly ranges
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Figure 2. Isopach map of the Glass Mountain pumice area, Siskiyou County.
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Figure 3. Claim map of the Glass Mountain pumice area, Siskiyou County.

Claim name Ownership Location Size

Tichnor Butte No. 1

Tichnor Butte No. 2

Tichnor Butte No. 3

Tichnor Butte No. 4

Cougar Butte No. 1

Beth Elain Nos. 1 k 2

Pumice No. 1

Pumice No. 2

Pumice No. 3

Pumice No. 4

Pumice No. 5
Pumice No. 5\
Pumice No. 6.^

Pumice No. 6B_
Pumice No. 6C
Extension No. 2

Extension No. 3

Pumice No. 20.
J. C. Hawkins
S. W. Craig-

John M adsen
U. S. Pumice and Supply Company
J. H. Matney
Perry Hawkins
Perry Hawkins et al

Boorman ,

R. N. Fouch
R. N. Fouch
R. N. Fouch
R. N. Fouch
R. N. Fouch _.

R. N. Fouch -

R. N. Fouch-_
R. N. Fouch
R. N. Fouch
R. N. Fouch. ._

R. N. Fouch
R. N. Fouch
R. N. Fouch.
R. N. Fouch
R. N. Fouch
R. N. Fouch-
R. N. Fouch
R. N. Fouch
J. C. Hawkins
S. W. Craig
John Madsen
same
same
same
same
Boorman Pumice Products Co.

EHNEKSWK sec. 22. T. 44 N.. R. 4 E
EHSEMNWM sec. 22, T. 44 N.. R. 4 E
EHNE^NWK sec. 22, T. 44 N., R. 4 E....

NEM sec. 22, T. 44 N., R. 4 E... _.

E^SEKNEK sec. 22. T. 44 N., R. 4 E
SEHSW)^ sec. 22. T. 44 N.. R. 4. E
Parts of sees. 26. 27, 34, T. 44 N. R. 4 E
Parts of sees. 26, 27, T. 44 N.. R. 4 E
Parts of sees. 26, 27, T. 44 N., R. 4 E.-

SWJi sec. 27, T. 44 N., R. 4 E
NWM sec. 27, T. 44 N., R. 4 E
NHNW^ sec. 34, T. 44 N.. R. 4 E._

NWM sec. 23, T. 44 N., R. 4 E
SWK sec. 23. T. 44 N., R. 4 E
WHSWJiSWJi sec. 26. T. 44 N.. R. 4 E....

SE cor. sec. 27. T. 44 N.. R. 4 E
NH sec. 34. T. 44 N., R. 4 E
NHNW)4 sec. 34. T. 44 N.. R. 4 E
NWKNWH sec. 23, T. 44 N., R. 4 E
NWJi sec. 26. T. 44 N., R. 4 E
Part of E 2/3 SW^ sec. 26. T. 44 N., R. 4 E
NW)i sec. 35. T. 44 N.. R. 4 E
NEK sec. 26. T. 44 N., R. 4 E
EHSEJiNEK sec. 35, T. 44 N., R. 4E
SE>i sec. 26. T. 44 N.. R. 4 E
Sec. 25. T. 44 N.. R. 4 E

20 acres
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Figure 5. Geologic map of the Napa pumice area, Napa and Solano Counties.
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Figure 11. Geologic map of the Ray (iill Nos. 31, 51, and 52 pumice deposits, southern Coso Range, Inyo County.
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Figure 13. Chart sliowiiig production of pumice and pumicite in California and the United States, 1909-53.
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FlGiRE 1."). Chart showiii); luiKinnt (in short loiisl ami major use of pimiice uiul pumicite produced in California, lOSl-f)."?.
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in size from impalpable powder to blocks as much as 4

feet across. The larger blocks commonly are not pumice,

but boulders and blocks of andesite, rhyolite, or even

granitic rock that were caufjht n]3 by the onrush of

movino: pumice fraoments and dust. In a few deposits

these blocks are completely rinnned by a zone of chalky-

white pumicite that ranges in thickness from a few
inches to a foot, and usnallj' much thicker on large

blocks than it is on the smaller boulders and blocks.

Most of the pumice deposits of the nnee ardente type

are more compacted than the other types. This com-

paction combined with a partial fusion produced by the

high temperatures commonly has produced a dense rock

that resembles rhyolite and is called "welded tuff." An
excellent example of this is the Bishop tuff in northern

Inyo County (Gilbert, 1938, p. 1833).

Pumice fragments in the nuee ardente deposits range

from angular to rounded, and the degree of rounding

depends largely on the distance that the material trav-

elled from its source. Almost none of the rounding ap-

pears to be due to attrition, but probably is caused by
a spalling-off and breaking up of the larger pumice
blocks as they continue to emit gas (Ferret, 1935, p. 90).

Reworked Pumice Deposits. Any of the types of

pumice and pumicite deposits that have been noted

above are subject to erosion by running water. Material

that is thus eroded and redeposited has many features

in common with other types of sedimentary rocks. Cross-

bedding, interbedding with nonpyrocla.stie material, and
rounding of fragments characterize the reworked de-

posits (fig. 19).

Reworked deposits occur along the west side of Hamil
Valley between Laws and Benton Station and in the

area north of Bishop, in Mono and Inyo counties.

GEOLOGY OF THE DEPOSITS

The deposits of pumice, pumicite, and volcanic cinders

in California are found in many of its 58 counties but

more abundantly in those counties underlain in part by
Tertiary to Recent volcanic rocks (fig. 1). Although

very little may be known regarding some of these de-

posits, many of them, especially those in Inyo, Kern,

Napa, Mono, Modoc, Siskiyou, and San Bernardino

counties have been investigated in detail. The deposits

in these counties also have yielded most of the output

of pumice, pumicite, and volcanic cinders in California.

In California nearly all of the deposits of these mate-

rials occur in rocks that lie within the age range of

late Tertiary to Recent. Since most glassy and partly

glassy rocks are not as chemically and physically stable

as sandstone or granite, they become devitrified, lithified,

and metamorphosed with age. Volcanic activity was
widespread throughout the whole of the Tertiary period

in California. Thin beds of pumicite and pnmiceous diat-

omite occur interbedded with Eocene sedimentary rocks.

Extensive beds of pumice and pumicite can be found

interbedded with both Miocene and Pliocene sedimentary

rocks. Although considerable pumice and pumicite have

been produced from tuffs of upper Pliocene age, a bulk

of California's output of these materials has come from
tuffs said to be Quaternary and Recent in age. Probably

the youngest pumice deposits in California occur in the

vicinity of Glass Mountain, eastern Siskiyou County,

where radiocarbon method of dating wood found buried

in the pumice indicates a probable age of the pumice at

about 1100 years (Chesternian, 1953, p. 1501).

All of the cinder deposits that have been worked in

California are Quaternary in age.

, Volcanic cinder cones at Kegg in Siskiyou County
and near Tionesta, Modoc County, are probably Qua-
ternary in age. The same age may be assigned to the

cinder cone near Little Lake, Inyo County, where a bulk

of the present-day cinders are mined, and to Mount
LPisgah and the Amboy Crater on the Mojave Desert.

In the following discussion of deposits of pumice,

pumicite, and volcanic cinders in California, they have

been grouped on the basis of the natural geomorphic

provinces of the State (fig. 1). Some of the dei)osits are

grouped into single provinces; other groupings embrace
two or more adjoining provinces.

A cross indexed listing of all properties bj' counties

may be found accompanying the tabulated list which is

arranged according to regions. On this basis, the follow-

ing areal headings will be employed

:

I. Modoc Plateau—Cascade Range—Klamath Moun-
tains—Northern Basin Ranges Region -

II. Coast Ranges
III. Great Valley

IV. Sierra Nevada
V. Basin-Ranges (southern)

VI. Mojave Desert-Colorado Desert

VII. Transverse-Peninsular Ranges

Modoc Plateau—Cascade Range—Klamath Mountains

—

Northern Basin Ranges

The vast region that includes the parts of the Modoc
Plateau, Cascade Range and Klamath Mountains that

lie within California, as well as part of the Basin Range
province, embraces most of California north of 40 de-

grees of latitude. The most characteristic land forms are

towering volcanic peaks and plateaus of lava flows be-

decked with many small volcanic cones. This region con-

tains a wide variety of rock types, but the volcanic rocks

of the late Tertiary and Quaternary ages are by far

the most extensivel}' exposed. The.se cover nearly all of

Modoc County and large areas in Siskiyou, Lassen, and

Shasta counties. In the western part of this region older

rocks of a wide variety of types and ages are exposed

in steep, rugged iViountains. Cinder cones from which

aggregate cinders may be mined are common in the

region. Pumice and pumicite deposits are not common
and are localized in tho.se areas where acidic volcanic

rocks are exposed. The bulk of the pumice used for con-

crete aggregate has come from deposits in the Glass

Mountain area of ea.stern Siskiyou County, though a

small amount has come from deposits near Alturas,

Modoc County. Iii addition, pumice scouring blocks have

been produced from a pnmiceous obsidian crust on top

of Glass Mountain.

Glass Mountain Area

The Glass Mountain area (plate 2) is in eastern Siski-

you County and western Modoc County, and comprises

an area of about 10 square miles centered about Glass

Mountain. This area is accessible by well-graded dirt

roads from Tionesta, a station on the Great Northern

Railroad, or from the Lava Beds National Monument.
which lies only a few miles north of Glass Mountain.
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Aggregate Pumice Deposits

Tlie pumice in the Glass Mountain area is obtained

from a loosely consolidated pumice tuff-breccia mantle

that rests upon older lavas of the Modoc basalt (Ander-
son, 1941, p. 367). The mantle of pumice tuff-breccia

ranges in thickness from 1 foot to 60 feet and contains

at least two distinct layers separated by a third soil layer

that represents a period of quietness between the vol-

canic outbursts. The soil layer ranges from a few inches

to several feet in thickness and has not prevented mining
the lower bed.

All of the mining has been done in the upper bed.

Bedding is prominent in the upper layer. Individual

beds range from a few inches to a foot or more in thick-

ness, and are poorly sorted. Each bed eontain.s the

coarsest fragments at the bottom and the finest at the

top. This bedding was probably an effect of a volcanian

type of eruption which is characterized by repeated

explosions and violent outbursts. The upper layer ranges
in thickness from one foot to 20 feet. The pumice frag-

ments are subangular to rounded in shape and range
from dust particles less than ys inch to bombs 6 inches

in diameter.

Screen annli/sis of pumice obtained from the Fouch pit in

section il, T. .',', X.. R. 4 E.. M. D. J/., Siskiyou County

Accumulative
Percent percent

Size of screen retained retained

linch 7.52 7.52

J inch r^.H) 20.32

iinch 26.80 47.12

iinch 39.01 8.5.13

10 mesh 12.97 98.10
100 mesh O.-S.". 98.45

150 mesh 0..55 100.00

The pumice in the pumice tuff-breccia in the Glass

Mountain area is light grayish-white. Angular frag-

ments of black obsidian, brown basalt, and light gray
rhyolite are present in the pumice tuff-breccia in

amounts too small to affect the utilization of the pumice
for aggregate.

The tuff-breccia consists essentiallj' of pumice that

is rhyolitic in composition.

Chemical analysis of the pumice from the Glass Moiintitin urea,

eastern Siskit/oit Comity, California. Analifsix reported in .Inder-

son. 19.',l. p. S97

Oxide Percent

SiO ,_ _ _ __- 72.75

Xh(h 13.83
Ke=(h _ 0.78
lid. 0.25

KeO : 1.61

Mk<> 0.62
C'aO 1.80

Xa=0 __

H2O— -

MnO -
P20= - -

S

3.80
4.00
0.30
0.20
nil

tr.

tr.

The tuff-breccia was derived from a series of vents

along a northwest-trending fissure that passed through
the high point on Glass Mountain. Steep sided cones

formed at these vents and are composed of fragments
and blocks of pumice that range in diameter from 1

inch to as much as 2 feet. Bombs with the characteristic

glassy or brcadcrust surface are scattered between them.
Most of the coarser pumieeous ejecta fell near the vents,

whereas successively finer-grained material was de-

posited at successively greater distances from the vents.

The prevailing wind direction at the time of the erup-
tion was probably toward the northea.st as indicated by
the greater abundance of pumice on the north and
northeast sides of Glass Mountain.
On the Thompson Pumice Company's property, lo-

cated at the north toe of Glass Mountain, test pits on or

near the pumice cones have indicated a depth of tuff-

breccia as much as 60 feet. As one proceeds in a north-

easterly direction from Glass Mountain, the mantle of

tuff-breccia thins and at Craig Cove, 8 miles to the north-

east, it is only 1 foot thick.

Following the laying-down of the pumice tuff-breccia.

Glass Mountain w^as formed by outpourings of two sep-

arate flows of glassy volcanic rocks. The bottom and
most extensive is a composite flow of glassy rhyolite and
dacite. The second or top flow is rhyolite obsidian. The.se

two flows lie discontinuously upon the mantle of pumice
tuff-breccia, and the whole sequence of glas.sy rock above
described is no more than 1100 vears old (Chesterman,

1953, p. 1501).

Thompson Pumice Company Deposit. Location: sees.

26 and 27, T. 44 N., R. 4 E., M. D. M. Ownership : R. \.

Fouch, Tionesta, California ; leased to Rodnev Gorden-
ker, R. F. D. 12A, Glen Ellen, California.

At the property of the Thompson Pumice Company,
mining operations have been carried on extensively in

a layer of pumice tuff-breccia which averages about 12

feet in thickness and which continuously underlies all

of the property. The pumice fragments are light gray in

color, sub-angular to rounded in shape, and range in

size from dust particles less than ys i^it-h to bombs 6

inches. ]\Iining has been done in two quarries. The north-

ern, or Fouch quarry, is about 600 feet long and 300

feet wide. The southern, or Enloe quarry, is about 300

feet long and 150 feet wide. Pumice has been mined to

a depth of about 12 feet in both quarries. Mining is by
open pit methods. A bulldozer is used to clear the sur-

face of the ground of forest litter and shrubs and to

remove a veneer of dirty pumieeous soil which ordi-

narily is a foot or less in thickness. The pumice tuff-

breccia is loosely consolidated and the pumice is loaded

directly by a tractor loader into trucks. The pumice is

hauled over well-graded roads about 11 miles to Tionesta,

a small settlement on the Great Northern Railroad,

where it is loaded directly into gondola cars for ship-

ment, or crushed and screened for shipment (fig. 29).

Small amounts of pumice are hauled by truck to proc-

essing plants at Klamath Falls, Oregon, but much of it

is shipped to block plants in the San F'rancisco Bay
area. Some of the pumice is used locally in block plants

at Tionesta and Perez.

Mount Hoffman Pumice Claiins. Location: sees. 28
and 29, T. 44 N., R. 4 E., M. D. M. Ownership : F. L.

Jameson, J. 0. Miller, and Dan Williams. Mr. Williams
lives at Salinas, California. The Mount Hoffman pumice
claims cover 960 acres which embrace a large part of a

pumice-covered ridge that extends in a northwesterly

direction from Glass Mountain. The pumice on this

property is similar in many respects to that at the
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Thompson Pumice Company's property. The Mount
Hoffman pumice, however, is in larger and more angular

block.s. These are as much as 5 inches in diameter. A
small pit about 30 feet long and 15 feet wide was opened

on the west side of the ridge and a small amount of

pumice was mined and sliipped to a processing plant at

Salinas, California. As late as 1935 (Averill. 1935, p.

335) some pumice was .shipped from block pumice de-

posits in section 33, T. ii N., R. 4 E., for sawing into

scouring blocks and crushing to small sizes for use in

acoustic plaster. This operation was closed down in 1947

when the writer first visited the area.

Boorman Pnmice Producfs Deposit. Location : sec.

25, T. 44 N., R. 4 E., and sec. 19, T. 44 N., R. 5 E.,

M. D. M. The pnmice is quarried from pits in the north-

east i sec. 25, T. 44 N. R. 4 E., and on a well-graded

dirt road that leads to Tionesta about 9 miles east. Own-
ership: Clarence, Carl, Leonard, and Irvine Boorman,

P. 0. Box 624, Klamath Falls, Oregon.

Large tonnages of pumice have been mined from the

property of the Boorman Pumice Products Company
and shipped to block plants in Klamath Falls, Oregon,

and in the San Francisco Bay area. The pumice in this

deposit closely resembles that at Thompson Pumice

Company's pits, but the deposit itself is only about 4

feet thick. At the main Boorman pit which measured

in 1953 about 100 feet by 100 feet, the pumice is scraped

by a bulldozer into a bin which loads directly into trucks

which haul the pumice to a plant at Tionesta. At the

plant the pumice is screened and loaded into gondola

cars for shipment to block makers.

Volcanic Products Corporation Deposit. Location : T.

44 N., R. 4 E., M. D. M. Ownership : Volcanic Products

Corporation ; Paul Dalton, Manager, Williams Building,

Klamath Falls, Oregon ; leases many unpatented mining

claims including 3,411 acres near Glass Mountain from

the Christie Estate and other claims from Roy N. Fouch,

Tionesta, California.

Pumice for aggregate purposes was mined by a small

Byers gasoline shovel and hauled by truck to a crushing

aiid screening plant at Leaf, a siding on the Southern

Pacific Railroad. The plant included a set of rolls and

vibrating screen operated by a gasoline engine (O'Brien,

1947, p. 458).

Block Pumice Deposits

Pumice suitable for the manufacture of scouring

blocks has been produced from two places in the Glass

Mountain area ; from pumiceous obsidian blocks obtained

from the surface of Glass Mountain and from pumice

blocks mined from pumice breccia which crops out near

the base of a pumice cone on the northwest side of the

Glass Mountain obsidian flow. Although this latter de-

posit produced some very fine scouring block pumice,

the property is closed down and has not been operated

for at least 7 years.

Pumice blocks are being produced in considerable

(luantities from Glass Mountain which has probably been

the most important source of block pumice in this area.

The surface of Glass Mountain is exceedingly rough

and contains numerous low, sharp ridges concave out-

ward from the center of the mountain, and intervening

trough-like depressions that lie in a transverse direction

to the long direction of the flow (fig. 23). These ridges

are referred to as pressure ridges, and were formed as

the flow of thick, pasty obsidian moved sluggishly down
the northeast slope of the mountain. Also, dotting the

surface of Glass Mountain are fantastic spines, some of

which extend as nuich as 10 feet above the surface of

the flow. Nearl.y all of the spines show poli-shed surfaces

and striations which indicate that nearly solid obsidian

was squeezed through restricted openings in the flow

very much as icing is forced through ornately shaped
openings by cake decorators. Although many of the

spines have collapsed and formed mounds of angular

blocks, many still retain almost their original shape.

Much of the surface of Glass Mountain is composed of

rough, angular blocks of pumiceous obsidian (hereafter

referred to as block pumice) mixed locally with corre-

spondingly rough, angular blocks of dense black, black

and gray, and greenish-gray rhyolite obsidian which

shows all gradations into pumice. This jumbled mass of

loose blocks rests upon the actual crust of the obsidian

flow which grades downward from pumiceous obsidian

at the top into dense, nonpumiceous obsidian beneath.

The thickness of the pumiceous crust ranges from a few
feet to several tens of feet. Not all of the pumiceous ob-

sidian is suitable for scouring blocks, but only that por-

tion which is free of hard obsidian ribs and which is

uniformly cellular and comparatively light in weight

(fig. 26)."

The blocks of pumice range in size from a few inches

to several feet in diameter. The openings are tubular, a

sha]ie that probably is an efiPect of flow movement in the

glass as it was being vesiculated. The openings range in

diameter from less than 1 millimeter to several centi-

meters, and range in length from several millimeters to

as much as 10 centimeters (fig. 27).

In general the block pumice is somewhat friable and
breaks into small, angular fragments (shards) with a

marked abrasive quality. It is rhj'olite in composition

as indicated by the chemical analysis in the accompany-
ing table.

Chewirnl tittnhjais of pinnircoiix rhyolite ohnidion from iop of oh-

sidian flow at north end of Gtnmi }fountain. eastern Sihkiyou

County, California. Analysis eited in Shepherd, 7,938, p. 32T.

Oxide Percent

SiOo T3.38

AUOs 13.69

Fe=03 1-S4

FeO 0.13

MkO 0.37

CaO 1-3S

Na=0 3.92

K,0 4.22

H.O-f 0.34

H,0- 0.05

TiO. 0.12

ZrOs trace

P.O= 0.08

CI 0.12

S 0.03

MnO 0.02

The pumice cone that has been mined is near the

center of section 33, T. 44 N., R. 4 E., M. D. M., and

is just one of several similar cones that formed along a

northwest-trending fracture which also extended in a

southeasterly direction through the high point on Glass

Mountain. 'The pumice cone rises about 150 feet above

its base and is about 700 feet in diameter at the base.
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'I'lii' puiiiicc cone consists prcdomiiKintlv of pumice

breccia witli a sprinivlinp: of honibs. The blocks in the

pumice breccia are anprular. white to g:ray in color, and
raii-re from a few inches to several feet in diameter.

Near the base of the cone, especially aloiifr the southwest

side, fumarolic action of hot escaping gases effected a

slight alteration to the pumice and produced some clay,

secondary opaline silica, and colored the pumice tan

and brown. The summit of the cone is occupied by a

mass of gray, vesiculated obsidian which locally is dense,

black and devoid of any large vesicles. The obsidian was
intruded into the vent of the pumice cone and rose as

dome of viscous glass. The upper surface of this dome
is characterized by polished and slickensided spines.

many of w'hich have disintegrated into heaps of angular
blocks.

The development of the scouring block industry in

the Glass Mountain area probably dates back to 192:^

when claims for pumice and obsidian were staked on

Glass Mountain. Very little block pumice was produced
and nothing was done with the obsidian. In 1933 a rock

sawing plant was set up near the north edge of Glass

Mountain and an attempt was made to cut blocks of

black and black- and gray-banded obsidian into bath-

room tile. This operation was not successful, however,
and was soon abandoned. In 1936 block pumice claims

then called "scoria claims" were relocated on Glass

Mountain and scouring blocks were successfully cut

from block pumice. Many of the early blocks were cut

with regular cross-cut saws similar to the saw commonly
used in felling timber in the nearby forests.

Because of conflicting claims to various sections of

Glass Mountain, several lawsuits evolved which were
later settled in and out of the courts. From 1936 to 1948
there was a steady output of scouring blocks from prop-
erties on Glass Mountain. In 1948 the United States

Pumice and Supply Company. Incorporated, purchased
nearly all the claims in Glass ilountain and at the same
time located new mining claims in order to provide them-
selves with a reserve of material for pumice blocks.

The history of scouring block operations at the deposit
on the pumice cone is not known. It can be inferred,

however, from mining operations and sawing-plant rem-
nants that considerable numbers of scouring blocks were
produced.

I'tiiled Stalex Pumice and »>'(//;/;/ ly Coiiijiaiii/, Inc., De-
posit. Location : sees. 33, 34, and 3.'!, T. 44 X., R. 4 E.,

and sees. 3 and 4, T. 43 N., R. 4 E., M. D. M. Ownership

:

United States Pumice and Supply Company, Inc., Shel-

don P. Pay, president, 6363 Wilshire Boulevard, Los
Angeles, California, owns much of a property formerly
held by John Madsen and Charles P. Van Doren of

Klamatii Falls, Oregon; II. AV. Free of Tionesta. Cali-

fornia ; and the Christie Estate.

Access to the property is by way of a road built by
Van Doren which has been extended to allow access to

a wider area for mining the pumiceous obsidian.

Pumiccous obsidian suitable for making scouring

blocks is intermixed with jumbled mass of angular blocks

of block obsidian and coarsely dense, pumiceous obsidian

which forms the crust of the Glass Mountain rhyolite

obsidian flow. The depth to which this jumbled mass
extends beneath the surface of the flow is not known.

Mining operations are primarily concerned with locating
areas on the surface of Glass ^Mountain where there are
concentrations of usable blocks. In general these areas
are in trough-like depressions between the pressure ridges
where there are fewer collapsed obsidian spines and where
the pumiceous obsidian crusts are the thickest. There-
fore, all mining operations have been of a surface scalp-
ing type which does not include blasting, but bulldozing.
Choice blocks ranging in size from 1 foot to 3 feet
across are loaded into trucks by a tractor loader. Several
small pits, each about 50 feet long. 25-30 feet wide, and
from 6 to 8 feet deep were opened up in areas where
there was a concentration of usable pumiceous obsidian
blocks. Following mining, the blocks are hauled to the
processing plant at Newell, California, where they are
cut into "Grillmaster" -scouring blocks measuring 3
inches by 3 inches by 6 inches and 4 inches by 4 inches
by 8 inches.

Skoria Star Brick Comjmny. Location : sec. 26, T. 44
X., R. 4 E., M. D. M. Ownership: A small portion of
section 26, one claim of 20 acres, is owned bv John Mad-
sen, P. 0. Box 711, Klamath Falls, Oregon."

Mr. Madsen, as late as 1954, produced a small amount
of scouring blocks from the pumiceous obsidian which
he mines from the north part of Glass Jlountain. The
scouring blocks were cut at a small plant which is lo-

cated on the property. The cutting is done with gasoline
engine-powered circular saws. Blocks of several sizes are
made and shipped to Klamath Falls, Oregon, for further
distribution (fig. 28).

Little Glass Mountain Area

The little Gla.ss Mountain area lies to the we.st of
Medicine Lake and takes its name from Little Glass
Mountain (plate 2), a prominent mass of rhyolite-
obsidian that comprises mo.st of sees. 13 and 24, T.43 N.,
R. 2 E., and Sees. 18 and 19, T. 43 X., R. 3 E., M. D. M.,
about 4 miles west of Medicine Lake.

Although a mantle of pumice tufif-breccia covers a
very extensive area around Little Glass Mountain, the
mineable pumice is generally restricted to an area of
about 16 square miles.

The pumice in the Little Glass Mountain area occurs
as a mantle of loosely consolidated pumice tuff-breccia

which covers earlier flows of andesite and basalt and
basaltic cinder cones of Plio-Pleistocene age. According
to Anderson (1941, p. 376) the pumice eruptions were
a prelude to explosive volcanic activity that culminated
in the emplacement of obsidian flows at Little Glass

Mountain. During the period of pumice eruptions, a
pumice cone was built at the site of Little Glass ]\Ioun-

tain, and it was destroyed when Little Glass Mountain
was formed. The pumice eruption so completely covered

the countryside that even today one has difficulty in

finding exposures of older rocks on gentle slopes. Many
believe that the source of the pumice was Pumice Stone
Mountain and Paint Pot Crater, two prominent knobs
which lie less than a mile west of Little Glass Mountain.
Actually, both of these knobs are composed of basaltic

rocks and have only a mantle of loose pumice ranging

in thickness from a few^ inches to 10 feet. That Little

Glass Mountain was the source of the pumice is strongly

suggested by the general increase in size of pumice
fragments toward the mountain. The pumice fragments
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at Paint Pot Crater (fig. 31) have an average diameter

of 1 inch and form a loose mantle ranging from a few
inches to 10 feet in thickness. On the east side of Little

Mount Hoffman, which lies about 1 mile east of Little

Glass Mountain, the average size of the pumice frag-

ments is about f-inch, and the mantle is no more than

a foot in thickness. At Grasshopper Flat, 3i miles south

of Little Glass Mountain, the pumice fragments are

much smaller and form only a mere sprinkling on the

ground.

Most of the pumice at Little Glass Mountain is com-

parable to the pumice at Glass Mountain. It is light

grayish-white in color, medium vesicular, and occurs in

angular fragments that range in size from ^\-inch to

3 inches in diameter. Large fragments are rare, and the

average particle size is approximately a quarter of an

inch.

Perhaps the first pumice mined in this section of

Siskiyou County was at an abandoned pit on the south

side of Paint Pot Crater as early as 1905 (fig. 31).

Considerable research was done on this pumice to deter-

mine its field of usefulness and it was found that the

pumice was suitable for the manufacture of concrete

blocks. Latest recorded production was in 1935 (Averill,

1935, p. 335) although there has been a small amount of

pumice mined for test purposes since then.

rtimice Stone Mines. Location : sees. 13, 14, 23, 24,

26, and 27, T. 43 N., R. 2. E., M. D. M. Richmond P.

Hobson & Associates, 6440 Madera Street, Long Beach

15, California, ownes 2,560 acres, including a bulk of

Little Glass Mountain. There has been very little pumice
mined from tliis property. The pumice reserves are large

and the material is very easily mined.

Alturas Area

Extensive layers of fine-grained pumiceous lapilli-tuff

are well exposed along the north fork of the Pit River

northeast of Alturas, Modoc County, and in the low hills

north and northwest of Alturas. At Surprise (fig. 4), a

small station on the Southern Pacific Railroad about 7

miles northeast of Alturas, the tuff is exposed in road-

cuts and cutbanks on both sides of the north fork of the

Pit River. Near the highway are several cone-shaped

structures (Chimney Rocks) (fig. 15) that were formed
as a result of local cementing and veining of the tuff

by secondary calcite deposited from short-lived springs.

These conical structures stand about 20 feet high, and
occur either singly or in clusters of two or more. The
pumice lapilli-tuff is part of the Upper Cedarville series

which, accoi'ding to Russell (1928, p. 412), is upper or

middle Miocene in age. The exact thickness of the tuff

is not known. It appears to be generally flat-lying.

A section exposed in the hills east of Surprise Station

consists essentiallv of fine-grained pumiceous lapilli-tuff

that is at least 75 "feet thick. In see. 36, T. 42 N., R. 15 E.,

M. D. M., the same bed of tuff is well exposed in a series

of roadcuts of IT. S. Highway 395. Here, the tuff is at

least 20 feet thick.

The general character of the pumiceous lapilli-tuff

bed differs somewhat from place to place. About 1| miles

south of Surprise Station it is fairly well indurated.

At Surprise Station the bed is loosely consolidated and
only locally indurated. The material is mostly fine-

grained. Although the writer has no accurate screen

analysis of the tuff, probably at least 50 percent of the

material will pass through a 20-mesh screen, and as

much as 10 percent will pass through a 150-mesh screen.

The largest fragments are pumice lapilli. They are

angular, white, and moderately well vesiculated and
range in diameter from |-inch to 1 inch. The fine-

grained material or pumicite is also white and appears
to consist almost wholly of angular glass shards and
small pumice fragments. Small amounts of quartz,

orthoelase, plagioclase, and biotite are present. Several

small angular fragments of rhyolite were also found,

but this material seems to be a rare constituent.

Volcanic Cinder Deposits

Volcanic cinders have been quarried from cinder

cones at several places in the northern part of Cali-

fornia. Volcanic cinder cones are common features in

this part of California and form conspicuous landmarks.
These cones range in size from low mounds to spec-

tacular cones as much as 500 feet high. The cinders that

comprise the cones ordinarily are red, brown, or black.

They range in diameter from a fraction of an inch to

several inches and are mostly angular. Associated with

the cinders are various proportions of lapilli and bombs,

some of which are as much as 3 feet in diameter.

The mining of volcanic cinders is a rather simple op-

eration. Because they are surficial in occurrence, they

are mined mostly by shoveling the loosely consolidated

cinders into trucks. Because most of the cinders pro-

duced in this region of California have been used either

for railroad ballast or highway con.struction, no elab-

orate screening machinery is needed to prepare the

cinders for use. The bombs and large clusters of cinders

are removed by a grizzly made of rails spaced several

inches apart.

Southern Pacific Company Deposits. Location : Two
cinder cones, one located at Kegg in sec. 5, T. 44 N., R.

1 W., and the other on the Soule Ranch in sec. 24, T.

44 N., R. 2 W., M. D. M. Also, from another cone in sec.

29, T. 48 N., R. 3 W., M. D. M., about a tenth of a mile

west of Copco Dam. Ownership is unknown (Williams,

1949, p. 59).

The cinder cone at Kegg, which has been almost wholly

removed by mining, was from 50 to 75 feet high and
covered about 150 acres as inferred from the topographic

map, the Macdoel quadrangle which was surveyed in

1933. This cone consists essentially of red and black

basaltic cinders and minor amounts of lapilli and bombs,

some of which are 4 feet in diameter. Several narrow
irregular stringers of basalt cut the cinders (Williams,

1949, p. 42).

Quarrying operations have all but removed the cinder

cones in sec. 24, T. 44 N., R. 2 W., near the Soule Ranch.

The material making up this cone is composed essentially

of red seoriaceous lumps that range in size from |-inch

to a gourd. The cinders are well stratified and are cov-

ered locally by ma.sses of cinders, which, when partly

pasty, adhered together following flight.

There are three cinder cones near Copco Dam. Nearly

all of the cinders produced came from the central or

largest cone which is situated about 500 feet west of the

dam. This cone, prior to almost complete removal by
quarrying, was probably not over 75 feet high and cov-



1956] Pumice, Pumicite and Volcanic Cinders ix California 29

ered not much more than 100 acres. The cinders are red,

brown, and black and admixed with various proportions

of lapilli. ash, and ropy and spindle-shaped bombs np to

a foot or more across (Williams, 1949, p. 47).

Several hundred thoiisands of tons of volcanic cinders

have been mined from these three cones and used as rail^

THTad bajla'it ATinrtr amounts have grone into higrhway con-

struction. All mining: is done by open pit methods and
the cinders loaded directly into railroad cars designed

primarily for discharging: ballast materials.

Great Northern Railroad Deposit. Location: East
Sand Butte in see. 3, T. 44 X., R. 5 E., M. D. M., about

4 miles northwest of Tionesta. Ownership : V. S. Depart-

mejit of Agriculture, Forest Service, which sells the

cinders to the Great Xorthern Railroad (fig. 22).

East Sand Butte is a volcanic cinder cone which pro-

jects about 300 feet above a comparatively level floor of

basalt flows. The cone is accessible by dirt roads from
Tionesta and a spur railroad track from Ainshea Butte.

The spur connects with the main line of the Great

Xorthern Railroad, which passes through Tionesta and
Klamath Falls, Oregon.

The cinders range in color from black to red, are

angular, and range in size from :J-inch to 3 inches in

diameter. They are mined from an open pit by a crawler

shovel that loads the cinders directly into gondola or

ballast cars. The cinders are used as ballast and bank-

widening for the Great X'^orthern line between Klamath
Falls, Oregon, and Bieber, California.

McCloud River Railroad Deposit. Location: sec. 36,

T. 41 X., R. 4 E.. M. D. M., at Porcupine Port, Siskij^ou

County. Ownership : Undetermined. At the operation of

the McCloud River Railroad red volcanic cinders are

being mined with a bulldozer which pushed them onto

a loading ramp and grizzly which feeds directly into

gondola cars. The cinders are being used on the new line

under construction between Lookout and Hambone by
the McCloud River Railroad (Piratt, E. F., p. c, 1952).

Hothnn Cinder Deposit. Location: sec. 22, T. 42 X.,

R. 4 W., M. D. M.. about 1 mile east of Ilotlum, a

station on the Southern Pacific Railroad. Ownership

:

Shastalite Brick Company. Yreka. California. Fred W.
Burton, president, owns 12 claims formerly held by Clem
and Xettie Baker of Yreka, California.

At the Hotlum deposit cinders are being quarried
from the southwest side of a volcanic cinder cone which
consists essentially of cinders, a few bombs, and several

irregular stringers of basalt. The cinders are basaltic in

composition and consist of scattered small crystals of
olivine and colorless plagioelase enclosed in dull grayish-

brown basic volcanic glass. The bombs are angular and
range in size from ^4 6 of an inch to 4 inches. About 10
percent of the material is black basalt volcanic ash. The
cinders are well stratified (fig. 34) and in the quarry
they dip about 25 degrees in a northeasterly direction.

The quarry is on a slope about 100 feet above the
floor of a steep-walled, northwest-trending canyon. The
quarry in June 1955 measured about 250 feet "long and
had a face averaging about 20 feet high. The overburden
is thin and consists of brown cinderv soil about 12 inches
thick.

A small tractor loader is used to mine and load the
cinders which are trucked to Yreka and other nearby

towns. The cinders weigh about 40 pounds per cubic

foot and are being used as aggregate for making con-

crete building blocks.

Pumicite Deposits

Anderson Ranch Deposit. Location: sec. 24, T. 37 X.,

R. 9 E., M. D. ^I.. about 15 miles southeast of Bieber,

Lassen County. Ownership : H. P. Anderson, Bieber,
California.

The Ander.son Ranch deposit consists of a pumicite
bed, at least 20 feet thick, that rests upon basaltic lavas.

Because it is well consolidated, the bed forms prominent
outcrops. It is composed mostly of angular rhyolitic

glass shards of which 90.4 percent pass through the
100-mesh screen and 9.6 percent are retained on the

100-mesh screen. The deposit has not been worked, but
it has been partly developed by means of several shallow
pits and cuts (Laizure, 1920, p. 511).

Liberty Bell Deposit. Location : sec. 13, T. 34 X., R.

8 W., about 35 miles northwest of Redding, California.

Ownership : Frank Sarcletti, ,Joe Mereiari, Louis Sar-

cletti, and Joe Dallartorre, all of French Gulch, Cali-

fornia, own five claims.

The pumicite at the Liberty Bell mine occurs in a bed
that strikes east and dips gently toward the south. The
bed is overlain by andesitic lavas and rests upon slate

of the Bragdon (Mississippiau?) formation. It is well

exposed in a tunnel driven along the andesite-slate con-
tact where it is 4 feet wide at the face. X^o pumicite has
been produced from this propertv (Laizure, 1920, p.

544).

Weisman Pumicite Deposit. Location: sees. 11 and
14, T. 43 X., R. 13 E., M. D. M., about a quarter of a
mile southeast of Surprise Station, a small station on
the Southern Pacific Railroad. Ownership : John ^Veis-

man, Alturas, California. Formerly owned and operated
by Leroy F. Foster.

Poorly consolidated pumice lapilli-tuff was mined for
several years from a quarry about a quarter of a mile
southeast of Surprise Station and used to .sand cattle

cars.

The bed of pumice lapilli-tuff is very extensive at this

property. It appears to be flat-lying and its actual thick-

ness is not known although it is well exposed throughout
nearby hills which rise at least 50 feet above the floor

of the quarry. The quarry itself is about 200 feet long
and 100 feet wide. The tutf has been quarried to a depth
of about 10 feet. For this purpose the mining operation
was quite simple and consisted essentially of scraping
the tuff onto a truck loading ramp by means of a horse-
drawn Fresno scraper. The material was trucked to the
siding at Surprise Station where the floors of cattle cars
were covered to a depth of several inches. The pumiceous
material in the tuff appears to have been well suited for
this purpose because of its absorbing properties. Small
amounts of this tuff were used locally as plaster aggre-
gate.

Coast Ranges

The Coast Ranges region consists essentially of the
California Coast Ranges and extends from Trinidad
Head in Humboldt County to the Transverse Ranges in
Santa Barbara County (plate 1). It is bounded on the
west by the Pacific Ocean and on the east by the Great
Valley of California. This region contains several types
of igneous, sedimentary, and metamorphic rocks that
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range in age from pre-Prancisean (pre-Upper Jurassic)

to Quaternary and have been folded and faulted to pro-

duce a system of longitudinal ranges that trends from
N. 30° W. to N. 40° W.

Pumice and Pumicite Deposits

The deposits of pumice and pumicite in the Coast
Ranges range in age from Miocene to Pleistocene. Dur-
ing Miocene time, in particular, volcanism was wide-

spread. Explosive eruptions were responsible for the

formation of rhyolite tuffs, flows of andesite and basalt,

thick sills of analeite diabase, and plugs of andesite and
rhyolite porphyries (Taliaferro, 1941, pp. 147-150). The
tuffs were deposited in basins, and in the San Jjuis

Obispo-Huasna basin they are several thousand feet

thick.

In the vicinity of San Francisco Bay, however, much
of the volcanism took place during the Pliocene. Plows,
tuffs, and agglomerates of andesites, basalts, and rhyo-
lites were deposited. In places these were pierced by
rh.yolite breccia necks and plugs.

Volcanism during the Quaternary epoch was not as

extensive as volcanism during the Miocene and Pliocene

in the California Coast Ranges. Flows, breccias, and
tviffs of basalt were deposited in basins.

Following the deposition of the volcanic and asso-

ciated sedimentary rocks in the Coast Ranges, deforma-
tion took place. The rocks were folded, faulted and,
finally, eroded. Rhyolite tuffs that once occupied wide
areas in the many basins now remain as isolated patches
in which they are interbedded with other sedimentary
rocks. Some of the deposits of tuff are large ; others are

small. Many of the deposits, however, are overlain by
thick sections of sedimentary rock and because of this,

they are not available to inexpensive mining operations.

Other deposits, because of the physical nature of the

tuff and the high proportion of lithic material in it, are

equally unsuited to any of the present-day usages for

pumice or pumicite.

In spite of the rather wide distribution of rhyolite

tuffs in the California Coast Ranges, the pumice and
pumicite produced has come mostly from deposits north
of San Francisco Bay.

Pumice has been mined from certain lapilli-tuff layers

in the Sonoma voleanics (Pliocene) in the vicinity of

Napa, in Napa County (plate 1 and fig. 5). The most
important pumice-producing area is just a few miles

northeast of Napa along Sarca Creek and on the north
flank of Mount George. Production began in 1932 on a
small scale and has increased to an annual output in

1952 of over 75,000 tons.

Some pumice has been produced from the Lawler tuff

(Pliocene) near Pittsburg, Contra Costa County. Pro-

duction in this area began during World War II and
came to a standstill in 1953.

Pumice has been produced from tuffs in the Monterey
formation (Miocene), a few miles southeast of Creston,

San Luis Obispo County. Production of pumicite in this

area commenced on a small scale in 1923 and continued
at this rate for only a few years.

Napa Area

Basalt Rock Company Pumice Deposit. Location:
sec. 24, T. 5 N., R. 4 W., M. D. M., about 3.1 miles south-

east of Napa, California. Ownership: Basalt Rock Com-
pany, Inc., Napa, California; A. G. Streblow, president.
At this deposit (abandoned) of the Basalt Rock Com-

pany, pumice was mined from a massive lapilli-tuff

layer interbedded with other tuffaceous and volcanic
rocks of the Sonoma volcanic (Pliocene). The exact thick-

ness of the lapilli-tuff layer is not known, although core
drilling indicated it to be more than 100 feet. The lapilli-

tuff and associated volcanic rocks were folded and the
Basalt Company's pumice deposit is on the west limb of

a north-trending syneline. The lapilli-tuff consists essen-

tially of small fragments of pumice imbedded in a fine-

grained volcanic tuff. Fragments of rhyolite, black
obsidian, and basalt bombs are also present. The pumice
fragments are angular, light gra.vish-white in color, and
range in size from dustlike particles to blocks several

inches in diameter. The average is about half an inch.

The lapilli-tuff layer is discontinuously overlain by
rhvolite which, prior to removal bv erosion, covered most
of "the tuff.

Mining was done in a semi-circidar quarry whose face

was 600 feet long and 75 feet high at the center (Davis,

1948, p. 173). This quarry was in operation from 1934
to 1946. In 1946, however, the Basalt Rock Company
abandoned the quarry and opened a new one in a more
favorable deposit on Mount George, a few miles north-

east of Napa.

Basalt Rock Company Mount George (King) Pumice
Deposit. Location : SE i sec. 24 and NEi see. 25, T. 6

N., R. 4 W., M. D. M., on Highway 37, about 4i miles

northeast of Napa, California. Ownership : Basalt Rock
Company, Inc., A. G. Streblow, president, Napa, Cali-

fornia.

The Ba.salt Company in 1939 acquired a new pumice
deposit of about 43 acres as a reserve measiire to supply
pumice to their block plant at Napa. The deposit occu-

pies a small hill which rises about 150 feet above the

highway entrance to the quarry.

The pumice is mined from a ma.ssive pumice tuff-

breccia that is about 150 feet thick. The bed of pumice
tuff-breccia dips gently southwestward and consists

essentially of angular pumice fragments although some
lapilli of black obsidian, basalt bombs up to 3 feet

across, and angular fragments of red scoria 1 to 2 inches

in diameter are present also.

Tan-colored clay material surrounds the rock frag-

ments in the pumice tuff-breccia. This clay was formed
through alteration of fine-grained pumice and pumicite

contained in the tuff-breccia.

There is no overburden other than soil at Mount
George deposit. Nearby, however, the pumice tuff-

breccia is overlain by a dark andesitic lava.

The quarry was opened in 1947 and was closed early

in 1953. During the 7 years of continuous operation the

quarry had a total output of over 300,000 tons of pumice
which was used primarily as an aggregate in building

blocks.

The quarry in 1953 was about 450 feet wide, 500 feet

long, and had exposed a face on the north side about
50 feet high. The pumice was mined by Caterpillar

diesel D-8 scrapers that loosen the pumice and push it

to a truck loading bin located at the west edge of the

quarry (fig. 21). A "sheep-foot" roller was also used

to break the oversize lumps. At the loading bin there
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was a grizzly of 3-iiifh pipes sot at i)-iiifh openings. The sicular rhyolite can be found capping the i)uniice tuff-

oversize was broken by sledging and loaded into trucks breccia.

which haul the pumice to a crude stockpile or washing The quarry is on the north side of the same ridge
south of Napa (Davis, 1948, p. 173). that contains the Cicero quarry. It is about 200 feet long.

„. n n u r J.- ora i oj m 30 feet wide and has a face about 30 feet high. Blasting
Cicero Pumrce Deposit. Location

:
SE i ^ec^ 24, T.

occasionally was required to break the tuff-breccia be

;i . Ym n^-i °'^."'f,^^'^>' f '
about 4i miles

^^^^ j^^ ^^,,,^^.^, T^j^^ ^,,^^j^^ ^^^^ ^^^^^^.,, j.^^,,^ ^,^^ ^ ,

northeast or Napa, Laliiornia. Ownership: Fredenca A. f„„^ t„ ti,„ „„;-., i,, ,.,!tu 10 •
. i, u u '

„ , »i .. 1 • I 1 1 ^ ,, r<- i^^c to the grizzly with 12-inch openings bv an anchor-
Pearl owns the propertv which is leased to C. Cicero, +„„„ ,i„„™i;.T„ ,..„„^„„ t^u „, • +1, *

'
..u u

o.n CI ^1 T «! Oi '
.. \- r< 1-i-

• 'ypP dragline scraper, ihe pumice that passes through
849 bouth Jefferson S^treet Napa Calitornia.

^^^ i^^l j^ ^^^,^j^^^ ^ ^ B^,^,^^^^ ^^^^^^^^^ ^^^^ J^^
The Cicero pumice deposit is on the southeastern slope

^^^^^j ^ ^^^1^^^ ^,^^.^^^^ ^^ ^^ jj^^.jjj^^^ ^j^^ ^^^^j^ ^^^^
of a southwest-trending ridge low in the foothills of ^^j ^^^^^^ ^j^^ ^^ ^ ^,^^j ,

i,^^j^ openings. The oversize
the Howell R^nge. At the Cicero quarry, pumice is -^ returned for recrilshing (Davis, 1948, p. 175).
mined from the same layer ot tutt-breceia that is ex-

po.sed ill the Basalt Rock Company's Mount George Walker Pumice Deposit. Location: NW i sec. 20,

((uarry nearby. The upper part of the tuff-breccia layer T. 6 N., R. 3 W., on Snow Plat along Highway 37, about
shows poorly defined bedding which dips about 20 de- 6 miles northeast of Xapa, California. Ownership: D. C.

grees southwest. The pumice fragments are angular. Walker; formerly leased to Messrs. Rice, Bergum and
pink to graj' in color, and range in diameter from dust Pankost, who gave up their lease in 1949. Property inac-

jiarticles to several inches. Lajiilli of obsidian and rhyo- tive in 1955, although Mr. Walker occasionally quarries

lite, as well as an occasional bomb of black basalt are some pumice to repair the road leading from the County
also present. A section measured near the center of the Highway to his home.
(]uarry gives the sequence shown in the accompanying The quarry, which is about 100 feet long, 75 to 80 feet
table (Davis, 1948, p. 174). wide, and from 10 feet deep is in a pumice lapilli-tuff

i<ection of the lapiui-tiiff breccia as exposed in ihe quarry of the bed which is similar to the bed exposed in the Basalt
Cicero pumice deposit, Napa area, Napa County. Rock Company's Mount George quarry. The bed dips

E.^timated about 10 degrees southwest. It consists of angular pum-

'^n'^feef^ Description
^'^^ fragments set in a pumicite matrix. The pumice

1-2 Soil, chooolate-brown, mu,l. rook fragments.
fragments are light gray in color and range in size from

1.5 Pumice, fragmental, pink with brown clay /16-1'ieh to Z inches, average about |-inch. The pumicite
coating. matrix is also gray in color, altered in part to tan clay,

0.3 Pumice, fragmental, pink in gray pumicite and constitutes about 30 percent of the tuff. Actual

4.0 Purice.'graT with obsidian lapiiii.
thickness of the tuff was not measured, but it is at least

0.6 Pumice, fragmental, pink, brown clay coat- ^^ lest ES indicated by hillside exposures.

nnn -n •» i Pittsburg Area
20.0 Pumice, massive, gray, some pumicite and ^

obsidian lapilli. Ill Contra Costa County pumice was mined from the

„, , , ^, •
, £ .1. 1 • . 1 Lawler tuff (Pliocene) which is exposed in the Los

The actual thicknes^s of the lower gray pumice bed is Medanos Hills, about 5 miles west of Pittsburg (fig. 6).
not known although drilling in the floor of the quarry ^ ^^-^^ ^^^^-^^^ ^^ tuffaceous rocks, referred to as the
indicated massive gray pumice to a depth of 80 feet. pj^^j^ ^^^fl. (Pliocene) by Lawson (1914, p. 13), is ex-
So.l and a few scattered outcrops ot light vesicular rhyo-

^^^^j ^^ pj„^j ^^ ^yj,^^^^ p^;,^^ ^,^ g^^^ p^^j^ g ^^
hte lava constitutes the overburden. Crude pumice is j^^^^^ ^^ Sobrante Ridge, at Walnut Creek, and on the
trucked a short distance from the quarry to a plant

^^^^^^ ^1 ^j jj^^^^^ Pi^^j^ The Lawler tuff and Pinole
where the pumice is dried in an inclined Madison No.

^^jj^ ^^^ ^-^^-^^^ i„ lithology and may be equivalent
14( rotary drier, li ollowing drying, the pumice is

in a^e
crushed and passed through a series of vibrating screens

"

which produce three sizes of aggregate : plus 20- minus The Pinole tuff is made up of a series of lapilli and

14 mesh, plus 14- minus y^o inch, plus Yig inch -minus vitric-crystal-lithic tuff layers, which occur near the base

I inch. All plus 3 inch is returned for recrushing. The ^i the Orinda formation (lower Pliocene). The thickest

screened pumice is then conveved to a block-making occurrences of the Pinole tuff, and the one that

plant at the crushing plant and used in the manufacture contains the largest- rock fragments, is exposed near

of pumice concrete building blocks. Rodeo. The coarseness of these rock fragments of the

tuff decrease to the east and southeast of Rodeo. The
Pearl Pumice Deposit. Location: S i .sec. 24, T. 6 N., Pinole tuff consists essentially of broken fragments of

R. 4 W., M. D. M., about 4^ miles northeast of Napa, pumice which range in size from small angular pea-size

California. Ownership: Frederica A. Pearl; operated by pieces to angular fragments 6 to 8 inches in diameter
John Pearl. scattered throughout a matrix of yellowish to grayish

The quarry of the Pearl pumice deposit is in the same pumicite (volcanic a.sh). It also contains minor propor-

pumice tuff-breccia bed that contains the Basalt Rock tioiis of orthoclase, oligoclase-aiidesiiie, augite, hyper-

Company's Mount George and Cicero deposits and is stheiie, green and brown hornblende, and rarely zircon,

located about 1,000 feet in a northerly direction from The glass has an average index of refraction of 1.515. (ilass

the Cicero quarry. The tuff-breccia is grayish-white in with this index of refraction ordinarily is dacitic in

color and the section exposed in the Pearl quarry is composition (George, 1924, p. 365), but a lack of quartz

similar to that in Cicero quarry. The overburden is and the presence of both augite and hypersthene sug-

mainly soil although small outcrops of light-colored ve- gests an andesitic composition.
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In the Los Medanos Hills which lie to the southwest

and west of Pittsburg the Lawler tuflf (Pliocene) forms

an outcrop about 300 feet wide that can be traced almost

continuously along its strike in a northwesterly direction

for about 8 miles. The tuff dips from 15 degrees to 30

degrees northeast, and ranges in thickness from 50 to

100 feet. The tuff rests conformably upon the Neroly

sandstone (upper Miocene) and is overlapped by the

Wolfskin (Pliocene) formation. In places the tuff disap-

pears entirely (Weaver, 1949, p. 61).

The pyroelastic rock comprising the Lawler tuff is

actually a lapilli tuff. It consists essentially of angular,

broken fragments of white and grayish-white pumice
which range in size | inch to 2 inches set in a matrix of

white pumicite. Broken crystals of feldspar, hyper-

sthene, and green and brown hornblende are present in

small amounts. Locally the tuff is well compacted and
forms prominent exposures.

Alvarnez Pumice Deposit. Location : sec. 15, T. 2 N.,

R. 1 W., M. D. M., about 4^ miles southwest of Pitts-

burg, California. Ownership : Mr. Alvarnez, Route 1,

Box 589, Pittsburg, California; leased to Pittsburg

Pumice Industries, Route 1, Box 21, Pittsburg, Cali-

fornia (Davis, 1951, p. 578).

The Alvarnez quarry is on the steep slope of a short

west trending ridge. It was opened up in 1946 and oper-

ated intermittently for the next few years. The quarry
was not in operation in 1953 and had every indication

of having been closed down for at least several years

(fig. 40). The quarry is about 50 feet long, 30 feet wide,

and has exposed a face in the tuff about 30 feet high.

The Lawler tuff at the Alvarnez quarry is about 40 feet

thick and is overlain by a 20-foot thick compacted sand-

stone layer of the Wolfskill formation.

Bailey Ranch Pumice Deposit. Location : sec. 23, T.

2 N., R. 1 W., M. D. M., about 4 miles southwest of Pitts-

burg, California. Ownership : A. S. Bailey, Route 1, Box
163, Pittsburg, California.

The quarry from which considerable pumice was
mined is about 1500 feet east of the Bailey house, and is

near a saddle in a low ridge that trends in northerly

direction. The quarry is on a dip .slope. The Lawler tuff

is covered by several feet of sandy overburden which
was stripped away by a bulldozer (Davis, 1951, p. 578).

The Lawler tuff at the Bailey Ranch quarry is about 40

feet thick, strikes N. 75° W., and dips about 30° north-

ward. The tuff contains interbeds of sandstone and sandy
tuff, and at the bottom the tuff grades into sandstone.

The pumice fragments are grayish-white in color, angu-

lar in shape, and range up to 1 inch in diameter. They
are set in a matrix of pumicite which locally has been

altered to tan clay. The quarry is about 100 feet long,

30 feet wide, and has a face about 30 feet high. Mining
began on the property in 1946 and continued intermit-

tently for the next few years. The quarry was inactive

in May 1954, and showed indications of having been in-

active for several years.

Clear Lake Area

Coleman Pumice and Volcanic Cinder Deposits. Lo-

cation : sees. 16 and 17, T. 13 N., R. 7 W., M. D. M.,

about a quarter of a mile north of Clear Lake Park, Lake

County. Ownership : V. V. Coleman, Lower Lake, Cali-

fornia, owns several hundred acres of land which in-

clude the deposits of pumice and volcanic cinders.

Since the middle 1940 's V. V. Coleman has obtained

plaster sand and ornamental stone from extensive de-

posits of vesiculated obsidian and pyroxene dacite near
Clear Lake Park, Lake County. The vesiculated obsidian

and dacite form flat-lying flows (Anderson, 1936, p.

654). The obsidian rests upon the dacite and is said to

be later than the dacite. The actual thickness of the

vesiculated obsidian at the Coleman quarry is not known,
but it must be at least 100 feet as indicated by the ex-

posures. The vesiculated obsidian has an areal extent of

about a square mile and has been opened up to mining
at several widely spaced quarries of which the largest,

the Coleman pit, measures about 500 feet by 500 feet

and 10 to 30 feet deep (fig. 38).

The obsidian flows are more or less vesiculated through-
out. The coarsely vesiculated areas are dark gray,

whereas the finely vesiculated areas are light gray in

color. In places the obsidian is stained brown by oxides

of iron. Flow banding is a common feature of the vesicu-

lated obsidian (fig. 39). Individual bands range from
a fraction of an inch to several inches in width and often
display wavy and distorted structures. The vesiculated

obsidian is rhyolitic in composition and has a refractive

index of 1.485 (Anderson, 1936, p. 655). Scattered
throughout the vesiculated obsidian are rounded boul-

dery masses of black obsidian. In addition, one can find

local areas of the vesiculated obsidian which contain
perlite and partially perlitized obsidian.

The vesiculated obsidian is incoherent and easily mined
by open pit methods. It is passed over a series of screens

to produce sand for plaster and concrete aggregate and
large fragments of coarsely vesiculated obsidian up to

3 inches across for ornamental stone.

The pyroxene dacite is in a flow of unknown thickness.

The upper surface of the flow is vesiculated and seoria-

ceous. The non-vesiculated dacite is dark to light gray
in color, whereas the scoriaceous dacite ranges from red
and orange-red to purplish-black in color. Actual ex-

posures of the dacite are poor, but in the Coleman cinder
quarry the rock is well exposed and shows there a

cindery appearance similar to that exhibited by cinder
cones in eastern Siskiyou County. Apparently, the sur-

face of the dacite flow is made up of loosely consolidated

angular blocks of scoriaceous dacite.

The dacite is being mined by open pit methods from a

quarry which in June 1955 measured about 80 feet long,

50 feet wide, and about 20 feet deep. The material is

used almost exclusively as decorative stone in gardens.

It is shipped by truck to markets in the San Francisco

Bay area, and is extensively used by local builders.

Although no attempt has been made to crush and
screen the scoriaceous dacite for aggregate, it is possible

that the material would prove quite satisfactory for this

purpose.

Pumicite Deposits

Deposits of pumicite are not common in the Coast
Ranges of California. Some pumicite was obtained from
a deposit in the Merced (Pliocene) formation at Lake
Merced (formerly Lake Honda), San Francisco County.
In 1923, however, operations at the Lake Merced deposit

were abandoned when a golf course was constructed on
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the property containing' the pumieite (Laizure, 1920, p. All niiniiifr was done underprround thronprh several

244). tunnels and dynamite was used to break the tuff in the

In 1880 small amounts of pumieite, once thou<rht to mine. The crude tuff was ground in a small hammer
be diatomite. were mined from a deposit in sec. 23. T. 26 mill, passed thron<rh a 40-mesh screen, and sacked for

S.. R. 10 E., M. D. M.. near Adelaida, San Luis Obispo distribution by house-to-house canva.ssing (Franke,

County. The pumieite here is about 6 feet thick and 1935, p. 461).

nearlv flat-lvinp;. The pumieite was packapred for sale as ' ., , /> j r.
,^r ,^ .'• , r. T-. -.r^.^- In-,^ Ct .. i- i

Volcan ic C I ndep Deposi ts
Ma<nc Polish (Franke, 193o. p. 461). Near the forks „.., y^- j r> • t» ^ t .• ttt i

of Old Creek and the town of San Luis Obispo in San .. t «''m p /w ""^'t. Z^"" io tTv% fw" T,^a
Luis Obispo Couutv beds of pumice and pumieite occur f'

T. 6 N R. 3 A\ ., and E. i sec. 19, T. 6 X., R. 3 W 700

above the Vaqueroi (lower Miocene) sandstone. Pumice feet north of Monticel^ road about oi miles nortlieast

and pumieite also are associated with beds of diato- ^^ ^^pa California. Ownership: T. D. A\ ilson, 2/ol

inaceous earth in the Santa Margarita (upper :Miocene) Monticello Road, Napa, California.

Cormation near Santa Margarita and Atascadero (Fair- ^ h? ^^ ilson cinder-pumiee property was opened up

banks. 1904. p. 4). Although much of the pumice and '» 1^^^' ^"^^ l^a^'''^ to the Lava-Lite Products Company,

pumieite in this area have been altered and mineralized ^ G. Saunder, manager, 815 Louisa Drive, Santa Rosa,

ill part with pvrite and silica, there still remains a con- California. The Lava-Lite Products Company operated

siderable amount of pumice and pumieite that have the property from 1946 to 1948 and produced about 600

commercial possibilities should there arise a local de- tons of cinders and pumice combined. In 1948 Lava-Lite

mand for them. Products Company's lease was terminated and the prop-
erty has remained idle since then.

Weatherhy Ranch Pumieite DeposU. Location: 4 The material quarried on the Wilson property is

miles south of Elk River, Humboldt County; adjacent known locally as "black pumice." Actually, bothvol-
to the Weatherby Ranch. Ownership: Hanify Lumber panic cinder.s and pumice were produced. The cinders
Company. Eureka, California. are black, basaltic, and angular, ranging from | inch to
The Weatherby Ranch pumieite deposit consists of a 3 inches in diameter, and are embedded in a basaltic

bed that is about 2 feet thick and occurs in the Wildcat tuffaceous matrix. Angular fragments and large boulders
(Pliocene) group. It is overlain and underlain by shale of basalt as much as 2 feet across are scattered among
and is nearly horizontal. The pumieite is while to creamy- the cinders. The cinders occur in a bed about 30 feet
white in color and consists mostly of glass shards that thick and rest upon a dark scoriaceous basalt. Thev are
have a refractive index cf 1.505. The chemical analysis overlain bv a pumice lapilli-tuff laver which at the
and the refractive index indicate a rhyolitie composition quarry is about 40 feet thick. The pumice lapilli-tuff
for the pumieite. layer consists mostly of angular, dark gray pumice frag-

Partittl chemical analyses of Wealherhy Ranch pumieite. W. H. ments that range in size from ^g iucll to 1 inch ; aver-
daiiagher. Eureka. California, analyst. age about J inch. Several layers of pumicite as much
SiOz "0.0 as 6 inches thick are in the pumice lapilli-tuff. Locally,
AUOa 18.5

the lapilli-tuff is firmly consolidated, forming prominent

Cao'_IIIIIIIIIII"IIIIIIIIIIII"III""IIIIIIIIIIIIII 3.4 exposures. The entire section dips gently toward the

MgO 0..5 southwest.
Na-O 3.4 The Wilson quarrv is in the south side of a low ridge.

Undetermined l'^
'^''*' ^"arry is about 100 feet long and 90 feet wide. A

^ ^j^.^^ ^^.j overburden of several feet was scraped away
100.0 by a bulldozer.

„ ,, ,. 1 • 1 .., , The cinders were mined with a bulldozer that scraped
Both prospecting and mining were done through a

^^^ ^-^^^^^^ ^^^ delivered them to a wooden hopper
short adit which is now closed (Laizure 1925 p. 324). ^^^^^ ^^^ 1^,^ 9 j^^^j^ ^j^^ , ,^^^^1^. consolidated clusters
The property was inactive in 192o, and has had no pro-

^j ^^^„^^ ^^j^^^^^^ ^.^^^ sledged" bv hand. A convevor
auction since tliat year.

^^^^ ^^^^ ^-^^ cinders from the hopper to a portable one-

Grey Eagle Mine and Black Eagle Pumieite Claims piece screening plant driven by a Caterpillar 65 diesel

(Formerly Francis Cleanser Mine). Location: sees. 21 " engine. The cinders and pumice produced at the plant

and 22, T. 28 S., R. 15 E., M. D. M., about 10 miles were used in the manufacture of building blocks (Davis,

southeast of Creston. San Luis Obispo County. Owner- 1948, p. 176).

ship : M. L. Francis, R. D. Box 233, Paso Robles, Call- Great Valley
fornia. »

At the Grev Eagle mine and Black Eagle claims The Great Valley region extends in a southeasterly

pumicite has been produced from an extensive layer of direction from Redding on the north to the mountains

tuff whicli is interbedded with sandstone and siliceous south of Bakersfield (plate 1). It is about 400 miles long,

shales of the Santa Margarita (upper Miocene) forma- 50 miles wide, is bounded on the ea.st by the rolling foot-

tion. The tuff is well consolidated, fine-grained, gravish- hills of the Sierra Nevada, and on the west by the Coast

white in color, and is from 40 to 50 feet thick. The sec- Ranges. It is ordinarily divided into two parts, the

tion containing the tuff strikes N. 60° W. and dips about northern or Sacramento Valley and the southern or San

30 degrees toward the northeast. Joaquin Valley.

The property was discovered in 1923 by the owner On the east side of the San Joaquin Valley in the

who produced a small amount of pumicite. It is now vicinity of Friant are the famous pumicite deposits that

inactive and has hot produced any pumieite since 1936. have yielded pumieite for agricultural and industrial
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purposes since the early ]iart of the 1900 's. Pumice also

has been obtained from this area and has been used

successfully in the manufacture of lightweight building

blocks.

The pumice and pumicite deposits near Friant, Cali-

fornia, occur in the Friant (Pleistocene?) formation

which crops out in the low foothills north and east of

Friant. The Friant formation is flat-lying and consists

mostly of lucustrine and fluviatile deposits of silt, sand,

gravel, and thinly layered pumicite. Pumice occurs only

locally as thin beds or admixed with sands overlying the

pumicite. Although the maximum thickness of the

Friant formation is not known, locally the pumicite is

at least 150 feet thick.

The pumicite is in laj'ers that range in thickness from
a few hundredths of a millimeter to an inch (fig. 43).

Individual layers of pumicite are uniform in thickness

and can be traced for several tens of feet along their

strike. The pumicite particles are flat and angular,

ranging in size from 0.001 to 0.015 mm (Trauger, 1951,

p. 1531). They consist mostly of clear glass that has

an average refractive index of 1.5058, which is the index

of a natural glass containing 70 percent silica, thus in-

dicating a rhyolitic composition (George, 1924, p. 365).

Minor amounts of quartz, feldspars, biotite, and diatoms

are present. In color, the pumicite ranges from grajdsh-

white through pink to brick red. The redness is caused

by an iron oxide stain. Local alteration, especially in

several layers near the base of the sequence has de-

veloped a pink colored clay. Fractures are filled locally

by brown opaline silica.

Lying above the pumicite is a layer of pumiceous
sandstone which contains, especially near its base, beds
of pumice lapilli-tuft' up to 5 feet in thickness. The
pumice fragments in the tuff are sub-rounded to sub-

angular in shape, white to pale pinkish-brown in color,

and range in size from less than ^'ij-inch to 4 inches in

diameter. In addition to the pumice, the tuff contains

minor proportions of rhyolite in well-rounded frag-

ments. The glass in the pumice has a refractive index

that ranges from 1.496 to 1.502, indicating a silica con-

tent of about 74 percent and a rhyolitic composition.

The layer of pumiceous sandstone that contains the

beds of pumice lapilli-tuff is about 30 feet thick. It is

well exposed in the Erickson pumice pit and forms a

discontinuous capping upon the pumicite. The pumiceous
sandstone is pink to buff-colored, and consists of ap-

proximately equal proportions of pumice, pumicite and
crystal fragments. The pumice fragments are sub-

rounded, white to pinkish-brown in color, and rarely

exceed J inches in size. In addition to the pumice, there

are well-rounded fragments of lapilli-tuff containing

fragments of pumice. The presence of lapilli-tuff frag-

ments in the pumiceous sandstone indicates that some

of the pumiceous material was derived from beds of

well-consolidated tuff by erosion. The pumice and lapilli-

tuff fragments are enclosed in a matrix of sand and
pumicite that is firmly cemented with clay and iron

oxide. Since nearly all of the matrix material passed

through the 20-mesh screen, microscopic examinations

were made of all screen sizes below and including the

20-mesh screen. A bromoform separation yielded less

than 1 percent of heavy minerals which include ilmenite,

magnetite, epidote, zircon, green and brown hornblende,

augite, hypersthene, sphene, biotite, muscovite, garnet.

and rutile. This list of heavy minerals is comparable to

one prepared by MacDonald (1941, p. 265) from the
sand fraction obtained from sandy pumice gravels of

the Friant formation at Lanes Bridge, about 7 miles
southwest of Friant.

Screen anali/''<is of pumiceous stnidstoue from the Kriekson pumice
quarry. Analysis made hy the irriter in the laboratory of the
Dirision of Mines.

Aeeumulative
Screen size Percent retained Percent retained

10-mesh 7.1.') 10.99
20-mesh 14.01 31.00
30-me,sh 16.15 47.75
40-mesh 17.75 65.50
50-mesh 8.04 73.54
60-mesh 5.51 79.05
80-niesh 5.65 84.70
100-mesh 3.11 87.81
140-niesh 3.05 . 90.86
200-mesh 5.89 96.75
250-me.'ih 3.25 100.00

of the pumiceous sand-
\nalysis made by icriter

Percent
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The property was opened up in the late 1920's, and has

been in almost continuous operation since then.

The crushed and screened material is used as aggre-

gate in making concrete building blocks (fig. 42).

Pumicite Deposits

California Industrial Minerals Company Deposit.

Location: sec. 1. T. 11 S., R. 20 E.. M. D. M.. about
2 miles north of Friant. California. Ownership: Forrest
S. Taylor and Louisa M. Taylor.

In the Taylor pit is a bed of pumicite about 20 feet

thick overlain by a 20- to 25-foot-thick layer of buff-

colored sandstone that contains several distinct 8-inch

beds of grayish-brown clay (fig 43'). The pumicite bed
rests upon a layer of greenish sand. Exposed in the pit

within the pumicite is a leuslike body of grayish-colored

silty sand. This lens has an exposed length of 40 feet

and may be as much as 10 feet thick. Similar lenses of

silty sand have been encountered before in this pit and
in drill holes.

The pumicite ranges in color from grayish-white to

brick-red. The bottom foot of pumicite in the pit is

very red, and when completely saturated with water, it

tends to flow like .soft putty.

Jlinin? is done in a quarry which in 1954 measured
about 100 feet long. 75 feet wide, and 30 feet deep.

In mining the pumicite the overburden is stripped
back from the quarry face by a D-7 Caterpillar. The
pumicite is blasted, then dug and loaded into trucks by
a 2-cubic yard shovel and hauled to the processing plant

at Friant. At the plant the pumicite is dumped into a

hopper from which it passes into a dryer. A furnace that

burns crude oil heats air which is forced by a fan to a

heater where the moisture is removed from the pumicite.

The pumicite, which averages about 85 percent minus
325-mesh, is mostly removed by a Multicyclone dust col-

lector. It is packaged in 101-pound paper bags and mar-
keted under the trade name "Frianite AC3X." The
material collected in the baghouse is nearly all minus
325-mesh and is packaged in paper bags and sold as

Frianite B4X. (Logan. 1950. p. 463).

or Rebel Minerals. Inc. (Formerly Pumice Indus-
tri-es). Location: see. 6, T. 11 S.. R. 20 E.. M. D. M.,

about H miles north of Friant. California. Ownership:
Edward A. Wagner, Friant. California; leased to 01'

Rebel ^liuerals. Inc., Carl II. B. ilorrison, president, 140
Harbard Avenue, Fresno. California.

The pumicite on the "Wagner Ranch occurs in several

distinct beds which have been prospected by means of

a series of drill holes, trenches, and partly caved tunnels

(fig. 441. At the quarry, which is on the hillside about
200 feet we.st of Cottonwood Creek, pumicite has been
well exposed by bench workings 600 feet long and 40 feet

deep. In this quarry the pumicite occurs in distinct beds
that differ in color, grain size, and thickness. In down-
ward succession the section in the quarry shows abotit

2 feet of pumiceous soil, a dirty-gray layer of pumicite
about 6 feet thick that probably derives its color from
the overlying soil, a 15-foot layer of white pumicite
that shows ripple marks and thin laminations, a thin

layer of pinkish-gray clay that ranges in thickness from
a fraction of an inch to several inches, and numerous
beds of pink pumicite as much as 12 inches thick that

alternate with thin layers of pinkish-brown clay. The

lowest pumicite bed, which is about 8 inches thick and
brick-red in color, rests upon a layer of greenish-gray
sand. Scattered throughout the entire pumicite section

are numerous fractures that are filled in part with brown
silica.

The pumicite is dug with a bulldozer which is used to

push the pumicite to a plant where it is dried, screened,

and packaged for use.

Other Deposits. In the western part of Amador
Count.v, about 5 miles west of lone, pumicite is being
mined from a flat-lying bed, about 10 to 15 feet thick

that occurs between sediments of the ilehrten (Mio-
Pliocene?) and lone (Eocene) formations. The pumicite
is used in the chemical industry.

In addition to the occurrences of pumice and pumicite
in Fresno, Amador, and Madera counties, the Xomlaki
tuff (Pliocene) is prominently exposed for 40 miles
along the west side of the Sacramento Valley from Gas
Point on Cottonwood Creek to Rice Creek, about 4 miles
southeast of Paskenta. It is also exposed in stream cuts
along the east side of Sacramento Valley.

This tuff has been used as a horizon marker in geo-

logical investigations of the west side of the Sacramento
Valley (Anderson, 1939, p. 243). It ranges in thickness
from 15 feet at its most southerly exposure to 300 feet

along Bear Creek near Inwood, Shasta County. The tuff

shows marked variation in character. At its type lo-

cality, near the former headquarters of the Komlaki
Indian Reservation, about 6 miles northeast of Paskenta,
the tuff is about 40 feet thick and consists of at least

four distinct layers that have slightly different charac-
teristics. In descending order these consist of 20 feet of

pale brownish-yellow tuffaceous silt ; a 10-foot layer of

light gray tuff composed of pumice fragments, as much
as half an inch in diameter, in a fine-grained matrix;
a 2-foot layer of deep salmon-pink tuff composed of

white pumice fragments 8 inches in maximum diameter

;

and a bottom layer, whose base is not exposed, composed
of light, salmon-pink tuff with white pumice fragments
as much as I5 inches in diameter (Anderson, 1939.

p. 244).

IMuch of the Xomlaki tuff is poorly consolidated, but
at a few localities it is massive, moderately indurated,
and shows columnar jointing. The general character of

the tuff, the presence of columnar jointing in thick sec-

tions, lack of sorting, and the widespread distribution

of pumice fragments and glass-rich fragments indicate

a nuee ardente origin for the Xomlaki tuff. The better

consolidated occurrences of Xomlaki tuff are suitable for

use as building .stone. It was quarried for this purpose
on South Cow Creek, 3 miles east of Millville. and at the

headquarters of the old Xomlaki Indian Reservation in

Tehama County.

Sierra Nevada

The Sierra Xevada. as considered here, includes the
Sierra Xevada—a range nearly 400 miles long that ex-

tends from Lake Almanor in Plumas County southeast

to Antelope Vallev in southern Kern County and the

Tehachapi ]\Iountains west of Antelope Valley. In width,

the Sierra Xevada region averages about 70 miles, being
bounded on the west by the Great Valley, and on the

east bv the Owens and Indian Wells Vallevs. Much of
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the Sierra Nevada consists of various types of Mesozoic

granitic rocks and older metamorphic rocks. Extensive

areas in the northern part contain middle and late

Tertiary volcanic rocks.

Both pumice and pumicite have been mined from

tuffs in the Sierra Nevada. Small amounts of aggregate

pumice have come from extensive tuffs of late Tertiary

age in Placer and Calaveras counties, and pumicite from

a series of tuffaceous sediments of probable Miocene age

in southeastern Lassen County.

The tuffs from which much of the pumice has been

mined are moderately well consolidated. They are rhyo-

litic in composition and range in color from light gray

to buff. The tuffs contain pumice fragments that range

in size from impalpable dust to angular fragments as

much as 1 inch or more in diameter.

The pumicite, on the other hand, occurs in well-bedded

deposits of subaqueous origin that are loosely consoli-

dated. The material is dull grayish-white and ranges in

size from minus 325-mesh to 1 millimeter in diameter.

During the widespread volcanism of the late Tertiary,

a thick l3lanket of rhyolite ash was deposited upon the

uneven surface of a pre-Cretaeeous tuff. The ash was
largely removed as the streams reoccupied and incised

their channels. Where the ash was removed, fragraental

andesite erupted from vents in the Sierra Nevada took

its place ; in those patches where the tuff remained, the

andesite capped it. Some of the andesite was later

stripped away by erosion, but a large part of it still

covers extensive areas (Lindgren, 1911, p. 25, and Curtis,

1954, p. 454).

Pumice Deposits

Pcirano Quarry. Location: sec. 27, T. 3 N., R. 13 E.,

M. D. M., near Altaville. Ownership : John Lemue, An-
gels Camp, owns the property which is leased to Jupiter

Lumber Company, Deb Bentley and Hugh Preston,

owners, Hathaway Pines, California.

Rhyolite pumice is currently being quarried from a

prominent tuff layer half a mile northeast of Altaville

(fig. 47). Here, the tuff is about 130 feet thick. It caps

a low hill and is underlain by green schist and late

Tertiary gravels (Turner, 1894, p. 5). Only the top 20

feet of the tuff layer is c[uarried. This tuff is massive,

hard, light grayish-white in color, and consists prin-

cipally of small glass shards, some glassy quartz and
feldspar, and dark-brown biotite. The crystalline con-

stituents comprise less than 10 percent of the tuff. Lapilli

of pumice are rare in the layer of tuff that has been

(juarried. However, in the tuff layer beneath the quar-

ried tuff layer, lapilli of pumice are moderately common
as are rounded lapilli of gray and pink colored rhyolite.

The tuff has no overburden and is quarried from the

south side of the hill. The quarry in February 1955

measured about 40 feet long, 25 feet wide, and 15 feet

deep. The tuff is firmly consolidated and breaks into

angular blocks and fragments rather than into indi-

vidual pumice fragments. It is blasted down, loaded into

an ore car, pushed some 40 feet to the outer edge of the

quarry, then dumped into a chute leading to a jaw

crusher. From the crusher the broken rock is conveyed

by a bucket elevator to a double-deck screen which pro-

duces two sizes of crushed tuff, minus f plus | inch

and minus | inch (fig. 33). These are stored in steel

bins. The smaller size is used in the making of concrete

blocks sold under the trade name "Tuftile"; the larger

size is used as road metal, road gravel, decorative gravel,

and terrazzo. The crushed tuff is trucked to Murphys,
California, some 6 miles for further processing.

Irvine Quarry. Location: sec. 25, T. 5 N., R. 11 E.,

M. D. M., near Mokelumne Hill. Ownership : The New
Materials and Metals Company, Robert Irvine, presi-

dent and secretary-treasurer, Soledad, Monterey County,
California.

The Irvine quarry is high on a steep mountain side

in a layer of rhyolite tuff which rests upon quartz
gravels and steeply tilted older metamorphic rocks. The
tuff layer has a gentle southwesterly dip, and ranges
in thickness from 20 to 60 feet. The tuff is fine-grained,

firmly consolidated, and ranges in color from pinkish
buff to light gray.

Three quarry openings have been made into the tuff

layer. The largest opening is about 50 feet long, 20 feet

wide, and has a face about 40 feet high. The smallest

quarry opening is about 35 feet long, 10 feet wide, and
has a face about 15 feet high.

The Irvine quarry has been worked intermittently
for building and terrazzo. It was inactive in February
1955.

Sierra Placerite Corporation Quarry. Location: sec.

29, T. 10 N., R. 12 E., M. D. M. Ownership: W. B. Will-
son, Route 3, Box 252, Placerville, California.

The rhyolite tuff at the Placerite Products quarry
which is near the base of a west-trending ridge rests

upon quartz gravels and older metamorphic rocks, and
ranges in thickness from a few feet to 150 feet. The
tuff is fine-grained, firmly consolidated, and yellowish

to buff in color. It is quarried from a quarry which in

February 1955 measured about 150 feet long, 100 feet

wide, and 10 to 15 feet deep.

Most of the tuff is sawed into flagstone and ashlar

strips and fired to a temperature of 2000° P. During the

course of firing, the tuff changes color from buff to deep

red or brown. Some of the tuff is sawed into specialty

products such as bookends and lamps, and some has

been sold for use in terrazzo.

Warren Pumice Deposit. Location: sec. 12, T. 3 N.,

R. 9 E., M. D. M., about 5 miles southwest of Burson,

Calaveras County. Ownership : H. D. Warren, Route 1,

Box 295, Valley Springs, California.

The Warren pumice deposit is in low rolling hills

which are capped by a layer of rhyolite tuff. The rhyo-

lite tuff layer, which rests upon the lone formation,

forms very poor outcrops and is well exposed only in

test pits and pumice quarries. The tuff layer has an

exposed thickness of 20 feet and consists of alternating

lenselike beds of pumice conglomerate and tuffaceous

sandstone (figs. 45, 46). The lenses of pumice conglom-

erate range from a few inches to 3 feet in thickness,

and from 1 foot to as much as 40 feet in length. The

beds of tuffaceous sandstone have about the same range

in thickness as the pumice conglomerate beds, but are

as much as 100 feet in length. The tuffaceous sandstone

is buff-colored, medium to fine-grained, and crossbedded.

The pumice conglomerate is moderately consolidated and
consists of angular and well rounded pumice pebbles set

in a fine-grained matrix of pumicite. The rounded
pumice pebbles are grayish-white and range from \
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FiGiRE U). Pumice nf subaqueous origin in quarry face at In-

sulating Aggregates, Incorporated pumice deposit. Mono County.
The pumice layer l P) here is about 12 feet thick and is overlain by
loosely consolidated Bishop tuff (Btl. Scale is indicated by pick

handle which is 12 inches long. Observer faces west.

Figure 17. Pumice of sub-aerial origin, southern Coso Range,
Inyo County. Dark layer separating successive pumice layers is soil.

Lack of .sorting and lack of well-defined bedding are noticeable in

these pumice layers. Scale is indicated by pick handle which is 12
inches long.

I'l'.iKK 1^. Close-Up of pumice of nuee ardente orit;iu, \':m L'jun

"Fines" pumice deposit, Yellowjacket Spring area, Mono County.
The pumice fragments are angular, pale pinkish in color, and range
in size from dust to chunks 5 inches across. Lack of sorting and
bedding are easily seen in this photograph. The scale is indicated

by the 6-inch rule.

Figure It). Crossbedding in reworked pumice at the Snoeshoe
pumice deposit, Yellowjacket Spring area. Mono County, where re-

worked pumice as well as pumice of subaqueous origin are exposed.
Scale is indicated by 6-inch rule.

Figure 20. Quarry in block pumice, U. S. Pumice and Supply
Company's pumice deposit on the eastern side of Southern Coulee,

Mono Craters, Mono County. Blocks of pumice are blasted down,
loaded into trucks, and hauled to the sawing plant at Lee Vining.

Flow banding and jointing are plainly visible in the lower central

part of the photograph. Scale is indicated by the figure on the floor

of the quarry. Observer faces uorthwest.
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Figure 21. Pumieite in the quarry of the California Industrial
Minerals Company, near Friunt, Madera County. The pumieite is

well-bedded, and unconformahly overlain by tuffaceous sandstone.
The pumieite bed is fiat-lyinj; and here it is about 12 feet thick.
Scale is indicated by the pick handle which is 12 inches long. Ob-
server faces north.

FlGlRE 22. "Volcanic cinder quarry. Great Xorthern Uailr..;i,l. .m.uI Iji^i^i Mil.- ..i 1;;ini S:iimI I;iiiii'. m hue (Jiinleriiary
cinder cone near Tionesta, Modoc County. LayeriuK represents repeated volcanic outhurst.s. Solid lilock.s of rock on (piarry
floor and in (piarry face represent fragments of volcanic bombs. The cinders from this cone are used for railroad construc-
tion. Observer faces north.
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Figure 23. Aerial view of tlie northern part of Glass Mountain, eastern Siskiyou County showing location of the pumice operations:

(1) Fouch Pit, (2) Enloe Pit. (.}) Boorman I'it, (4) Madsen block pumice, and (5) U. S. Pumice and Supply Company's block pumice.

Pumice for acgregate purposes is mined from loosely consolidated pumice tuff-breccia (TB) which lies upon earlier flows of ba.salt. Pumice
for scouring blocks is obtained from the ujiper surface of the (ilass Mountain rhyolite obsidian flow (RO) which rests upon the pumice tuff-

breccia as well as an earlier composite flow of rhyolite-dacite (RD). Aerial photograph courtesy of the U. S. Department of Agriculture,

Forest Service.
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Figure 24. Fouch pumice pit, Glass Mountain area, eastern
Siski.vou County. Tlie pumice mined from this pit is obtained from
a la.ver of loosely consolidated pumice tuff-breccia (P) about 12 feet

thiclt. The northern tip of Glass Mountain obsidian flow (O) is in
the background. The pumice mined from this pit is used as agsre-
Rate in building blocks. Pumice for scouring blocks is obtained from
the pumiceous crust on top of the obsidian flow. Observer faces east.
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Fku're 2,"). Close-up of the pumice in the face of the Fouch
pumice pit. Glass Mountain area, eastern Siskiyou County. The
pumice fragments range in size from 1/16-inch to .'? inches, and are
poorly sorted. Scale is indicated by knife which is 4 inches long.

Fuii KK UG. liloclv of puniicf, t.\pical of the puinice inined <ui \t*\i

of (Jlass Mountain, eastern Siskiyou County. Scale is indicated by
knife which is 5 inches long.

Figure 27. Pumice from the top of Glass Mountain, eastern
Siskiyou County. Hand specimen showing size and shape of open-
ings. Similar to the pumice that is being cut into blocks and sold as
grill cleaners.

Figi:rk 2S. Portable rock saw which is used to cut lumps of

pumice into scouring blocks. Stockpile of uncut blocks to the right

of the saw is obtained from the top of Glass Mountain. The rough,
craggy rock in the background is glassy rhyolite-dacite (RD), a com-
posite flow which underlies the Glass Mountain obsidian flow (O).
Light colored material between the saw and the flow of rhyolite-

dacite is pumice which is being used as aggregate in concrete blocks.

Observer faces south.

Figure 1".i. I'umice screening and crushing plant of the Thomp-
son Pumice Company, Tionesta, western Modoc County. Pumice
which is mined at the Fouch and Enloe pumice pits at Glass Moun-
tain, about 11 miles west of Tionesta, is prepare<l here for shipment
by rail or truck to markets in California. Observer faces north.
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Figure 30. Chimiu'.v rocks, near Surprise siding, Modoc Count.v.

Chimney rocks are composed of compacted and cemented rhyolite

lapilli tuff which has been eroded into their present form. The tuff

at the Chimney rocks is of unknown thickness. It is well exposed
on the west side of the north fork of the I'it River, in the back-
ground of the photograph, where it is overlain by a flow of the
Warner basalt. Observer faces northwest.

Figure 31. Paint I'ot Crater, a volcanic cinder cone covered by
grayish-white pumice, near Little Glass Mountain, eastern Siskiyou
County. Upright posts at base of the cone near center of photo-
graph represent remains of early pumice mining operation in Siski-

you County. Observer faces northwest.

1 '- I'liiiiir.. SiMiif M.Jiiiilaiii. h.Mr l.iltli' (Jlas.-. .Miiun-

tain. eastern Siskiyou County. Pumice Stone Mountain is a volcanic
cinder cone covered by a mantle of grayish-white pumice similar to

the material that covers the ground in the foreground. Observer
faces southwest.

..^kS..

Fi'-' i;i :;.",, ('incliT |ii;irr\ (if the Shaslalite Brick Company,
near Hollum, Siskiyou County. Cinders are mined from a volcanic
cinder cone and are used as aggregate in the manufacture of con-
crete building blocks. Observer faces northeast.

Figure 34. Close-up of the volcanic cinders in the Shastalite

Rrick Company's cinder quarry, near Hotlum, Siskiyou County.
Scale is indicated by six-inch rule.
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Figure 52. Acnal view nt tlip iKirtliiTii part «! tiw Mono Cratfrs. iMoiio Comity, sliowiii;; (I) ranum t'ratcr, (2) U. S. Pumice anil

Supply Company's pumice mine, (31 Northern Coulee and (4) Northwest Coulee. Aerial photo;,'rai>h courtesy of the U. S. Department of
Agriculture, Forest Service.
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inch to 6 iuches in diameter. The an<rular pumiee frag-

ments are pray and range from J inch to 1 inch in diam-
eter. Pheiiocrysts of black biotite and jrla.ssy quartz and
sanidine are common in both pumices, and grains of

these minerals constitute much of the sandy fraction of

the tufFaceous sandstone.

The rounded pumice has undergone alteration and
when it is saturated with water, it is easily broken and
loses much of its crushing strength. Allen (1929, p. 412)
discus-ses this alteration and suggests that the pumiee
has recrystallized and changed to montmorillonite. The
gray, angular pumice, however, has not undergone al-

teration and remains as a strong material even when
thoroughly saturated with water. Much of the pumice
in Warren deposit is the rounded pumice.

Pumice has been mined from two separate quarries at

the Warren pumice deposit (fig. 45 K The first quarry
was opened in 1942. a few hundred feet south of the War-
ren home. This quarry is shallow and in Februarj' 1955
measured roughly 85 feet square and 10 feet deep. The
second quarry was started in the early 1950 's, and in

February 1955 measured about 175 feet long, 100 feet

wide, and a maximum depth of 15 feet. In mining the

pumiee, the overburden, which consists largely of a few
feet of pumiceous soil, is removed first and the pumiee
pushed to a loading ramp where it is screened as it is

loaded into the truck. Only the minus J-inch material

is used, the oversize is rejected.

Pumice mining at the Warren deposit has been in-

termittent since it was started in 1942, and has amounted
to about 20 cubic yards per month.

Pumicite Deposits

Red Rock Pumicite Deposit. Location: see. 2, T. 23

X., R. 17 E.. and .sec. 35, T. 24 X., R. 17 E., M. D. M..

adjacent to the Western Pacific Railway, a few miles

southwest of Red Rock, a small station in the southeast-

ern part of Lassen County on the Western Pacific Rail-

road. Ownership : Property consists of 200 acres owned
by the Galeppi family and leased to P. F. Frund, 1709
Bridgeway, Sau.salito. California.

The Red Rock pumicite deposit is on the northwest
side of Long Valley about three-quarters of a mile north-
west of Long Valley Creek. The layers of pumicite are

exposed along the southea.stern slopes of low-rolling hills

at the ea.stern base of the Sierra Xevada. The hills are for

the most part eroded out of soft sedimentar.v rocks and
rise from an elevation of 4.(570 feet at the pumicite mine
to 5.100 feet at the contact with basement granitic rocks

about 1 mile farther northwest. The pumicite layers are
a part of a section of sedimentary rocks that consists

mostly of .sandstone, silt.stone. tuffaceous sandstone, and
pumicite (fig. 49). The sedimentary rocks have been de-

formed and in the vicinitv of the pumicite mine thev
dip 32= XW. and strike X." 35° E.

The pumicite layers are best exposed at the pumicite
mine and in a railroad cut about 300 feet southwest of

the mine. The basal pumicite layer exposed at the mine
can be traced along its outcrop to the railroad cut where
it forms the top pumicite layer in the exposed section.

In general, the pumicite layers range in thickness from
a few inches to 10 feet and have an aggregate thickness
of at lea.st 18 feet. The layers of pumicite are separated
by thin beds of grayish-brown tuffaceous sandstone and

silt.stone that range in thickness from a fraction of an
inch to a foot or more.
The following partial section was measured at the

pumicite mine and railroad cut

:

Partial aection measured at Red Rock pumicite deposit and
railroad cut.

Thickness
in feet Description

1-3 Soil, sandy and clayey. Sandstone, silty. fine-erained,
tuffaceous in part, dirty gray in color ; locally cross-
bedded. This plus the soil constitutes the overburden,
and ranges in thickness from a few feet to several
hundred feet.

S-10 Pumicite, in part .sandy and silty ; made up of .several

layers of fine-grained, white pumicite separated by
thin beds of cro.ss-bedded. sandy pumicite. White
pumicite layers range in thickness from 1 inch to 18
inches.

5 Pumicite. fairly coarse-grained, dirty gray in color ; a
few 1-inch beds of white pumicite.

i Siltstone, tuffaceous, dirty gray.

1 Pumicite, very coarse-grained, white in color ; in layers
up to 3 inches in thickness.

5 Pumicite, well stratified in beds ranging from J inch
to 3 inches ; fine-grained, vertically jointed, grayish-
white in color,

1 Sandstone, tuffaceous, dirty-gray in color.

3 Pumicite. fine-grained, grayish-white, vertically jointed,
• much limonite along joints ; bottom not exposed.

The pumicite is fine-grained, light-gray in color, and
compact. Much of the material is less than 200-mesh in
size, and contains appreciable quantities of biotite,

quartz, and feldspar.

The mining has been on a limited scale and the work-
ings, which consist of a shallow incline shaft, are con-
fined to the one layer that is 8 to 10 feet in thickness.

However, because the Red Rock pumk-ite deposit is

near rail transportation, the additional cost of under-
ground mining may not prevent its operation.

Basin-Ranges

The Basin-Ranges region is in the eastern part of
California and consists of that part of the state that lies

directly east of the Sierra Xevada scarp. It includes
most of Inyo County and parts of Kern, Mono, and San
Bernardino counties. Tertiary to Recent volcanic rocks
are widely distributed throughout this section of Cali-

fornia, and underlie extensive areas. They are especially
abundant in Mono County.

Mo.st of the pumice scouring bricks that have been
produced in California have been obtained from the
Mono Craters in Mono County, and a large proportion
of the state's output of aggregate and abrasive pumiee
also has been mined from deposits in Inyo and Mono
counties. Volcanic cinders for aggregate purposes are
being produced from deposits in both Inyo and Mono
counties.

The Basin-Ranges probably contain the greatest

number of pumice, pumicite. and volcanic cinder de-

posits in California. These deposits occur in Tertiary
to Recent volcanic rocks which cover extensive areas in

the low mountains and the Volcanic Tableland that lie

at the northern end of Owens Valley between the tower-
ing Sierra Xevada and the White Mountains, in the Coso
Range at the southern end of Owens Valley, and in the
El Paso Mountains of_e^tern Kern Countv.
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In fiPiioral, the deposits are sjroiiped in fieoprapliie

areas, and will be disenssed in the following: order: (1)

Mono Craters, (2) Blind Spring Valley area, (3) Yel-

lowjaeket Spring area, (4) Bishop-Laws area, (5) Coso
Range, and (6) Bl Paso Mountains.

Mono Craters Area

The Mono Craters area is in the west-central part of

Mono County. The Mono Craters' themselves are a group
of conspicuous volcanic domes of late Pleistocene age
and lie immediately south of Mono Lake. The Mono
Craters consist mostly of obsidian and rise abruptly
from a plain covered by a mantle of loose pumice ejecta.

The domes were formed by the rise of viscous obsidian

through narrow openings above the .floors of shallow
explosion pits. The sides of the domes are steep and their

tops contain jumbled masses of collapsed spines, crags,

and loosely piled blocks of brownish-gray pumice.

The pumice that covers the ground is in white, angular
fragments that range from ^c of an inch to several

inches in diameter. It is rhyolitic in composition and
appears to consist almost wholly of glass. Crystals of

quartz, feldspar, and dark-brown biotite are present in

very minor proportions. The mantle of pumice ranges
from a few feet to several tens of feet in thickness, and
probably is thicker near the domes than in the outlying

areas.

The tops of several domes are made up largely of

loosely piled blocks of pumice (herein referred to as

dome pumice which is used primarily for making scour-

ing blocks). The dome pumice in the Mono Craters area

is brownish-gray on weathered surfaces but light-gray

on freshly broken surfaces. The rock is indistinctly

streaked with light and dark-gray bands that range in

width from a fraction of an inch to several inches. The
bands apparently are an eifect of flowage. Locally hard
narrow ribs cut across the banding. These ribs are ordi-

narily less than 1 inch in width, are slightly darker in

color than the otlier pumice, and appear to consist mostly

of glass that is denser and less vesieulated than the en-

closing rock. They are hard and wherever possible are

avoided in mining operations.

The openings in the dome pumice are tubular and
drawn out in the direction parallel to the flow banding.

They have a wide range in size from 0.01 of an inch to

1 inch in diameter and from a sixteenth of an inch to

2 inches in length (fig. 54).

Quarrying operations for block pumice at the Mono
Craters have exposed massive pumice beneath the loose

pumice blocks on Southern Coulee and at Panum Crater.

Near the southeastern part of Panum Crater, the north-

ernmost and most perfect in the chain of volcanic domes
at Mono Craters, massive pumice is exposed in a quarry
(fig. 53) of a poorly exposed volcanic dome whose sur-

face expression is more or less limited to several spires of

massive dome pumice encircled by a low ridge of lapilli.

Massive dome pumice is well exposed in the quarry to a

depth of 40 feet, and drilling in the quarry passed
through several hundred feet of massive pumice before

encountering dense, vesieulated obsidian.

Minor amounts of volcanic cinders have been quarried
from a cinder deposit at Black Point, on the north side

of Mono Lake. The cinders are angular fragments of dark
brownish-black olivine basalt that range from an eighth

of an inch to one inch or more in diameter. The cinders
form a cone that developed before the growth of the
obsidian domes south of Mono Lake. Action of the waves
in Mono Lake have all but destroyed the original cone
and now one can recognize only the general form of
the cone.

U. S. Pumice and Supply Company's Pumice De-
posits. Location : sees. 18 and 19, T. 1 N., R. 27 E., and
sees. 16 and 21, T. 1 S., R. 27 E., M. D. M., on the south
side of Panum Crater, about 4^ miles southeast of Lee
Vining, and on the Southern Coulee, about 10 miles
southeast of Lee Vining, California. Ownership : The U.
S. Pumice and Supply Company, Inc., 6331 Hollywood
Boulevard, Los Angeles, California, Sheldon P. Pay,
president, owns 12 claims in the vicinity of Panum Cra-
ter and 7 claims on the Southern Coulee. Six claims on
Southern Coulee are leased from Frank Sam, Lee Vining,
California.

The U. S. Pumice and Supply Company obtains pum-
ice for making scouring blocks, which are used in restau-
rants and hotels for cleaning grills, from quarries at
Panum Crater and Southern Coulee. The block-sawing
plant is at Lee Vining. At the quarries only enough blast-

ing is done to dislodge the large blocks of dome pumice
and to break them into small blocks that can be loaded
into trucks. Highgrade pumice blocks, ranging in size

from 1 to 4 feet in diameter, are selected and hauled
8 miles to the block-sawing plant where they are stock-

piled.

At the plant (fig. 55) the pumice blocks are first

trimmed and then sawed into blocks by means of circu-

lar saws rimmed with carborundum. Late in 1953 blocks

of two sizes were being prepared : 3 inches by 3 inches

by 6 inches and 4 inches by 4 inches by 8 inches. In
addition, several larger sizes of blocks with hollowed-out

centers were being made for flower and plant pots. Saw
cuttings and dust were being collected and sold as abra-

sive pumice. Reject and scrap pumice is stockpiled near
the plant and a limited amount of this material is

shipped to eastern cities where it is ground and mar-
keted as an abrasive.

Only a small amount of aggregate pumice has been
mined in the Mono Craters area.

Blind Spring Valley Area

The Blind Spring Valley pumice area is in eastern

Mono County, and occupies much of Blind Spring Val-

ley (plate 1, fig. 8). The area is about 6 miles long

and 2 miles wide, and is bounded on the east by Blind
Spring Hill, on the west by the Benton Range, on the

south by the Yellowjacket Spring pumice area, and ex-

tends north of Benton for about 4 miles.

The pumice in the Blind Spring Valley area is of sub-

aerial origin and occurs in discontinous layers that lie

near the surface of the ground. Natural exposures of

the pumice are few and very poor. However, it is well

exposed in a series of trenches, bulldozer cuts, and quar-

ries. The pumice is overlain by a sandy pumiceous soil

covering that ranges in thickness from a few inches to

6 feet. Between the soil overburden and the pumice there

is a thin zone of white caliche not more than a few inches

thick. In several places the pumice rests upon granite,

but in most of the quarries and open cuts the pumice
is underlain by coarse-grained, dirty-brown sandy soil.
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Tlic i)uiiiice layers range in thickness from a few feet Included in the pumice layers are angular and rounded

to at least '20 feet. A bulldozer cut 2i miles north of fragments of rhyolite, and an occasional fragment of

Benton shows one pumice layer which is at least 8 feet dark mica schist.

thick below which lie three thin pumice layers, each c»„ j r. n r. u r 4.- or j,„..,., X ] u K„«- ,„.,.i„ ^„«,;„„„„.. Sand Doon Pumice Deposit. Location: sees. 25 and
several feet thick, separated by butt, sandy punuceous oc m i o r> oi e> nr t-w ht i * oi -i ..u

., , . u 1 1 J- i ..I,- 1 u mu 1 ; „ 26, T. 1 S., R. 31 E., M. D. M., about 2i miles north-
soil horizons about 1 foot thick each. Ihe lowest pumice \ c v> \ n tr i\ i

• n t- ai^
, , ,, ^ ^i. V i *• • +u„ east of Benton, Cahiornia. Ownership: Guy b. Way,
layer probably represents the earliest eruptions in the r> + n rt •

i
•

,,' '^ • '^ Benton, California, owns one claim.
Benton area. mi ^ t ^^ • . . . , ,

^T ^, „ „ , ,, • , . t 1 M or; QAO A\T ihe band Doon pumice deposit is in the low rolling
North of Benton the pumice layers .strike N. 25-dU W. ,.,, „, ., * •

i <; *i, t) ^ r> m. •

1 1- ono xtt:^ *u ^o 1 *i, fM t- +;,„„„.,, hills along the east Side ot the Bcntou Range. The pumicc
and dip 20 NE. About 2 miles south 01 Benton the pum- ^

.'^
^ ,. a >. ^ ^ i-ui

,
*^

. ., 1.T on Qco ri 1 ^- „ f„„,„ 7 ic;o Qv occurs in several extensive flat-lying layers which do not
ice layer strikes N. 30-j5 E. and dips from 7-15 bE.

,. u 4. i.- v, i r u n i

Ti jj- • 1 J 1 J • +1, ^, „Vo „„A ir. o<>,.
crop out, but which are exposed in a series of bulldozer

Bedding IS poorly developed in the pumice and in sev-
^^^^^ ^^^^, ^^^^ ^j^^ ^^^'^^ ^^^.^^^^^^^ ^^. ^,^^ ^^^^^.^^ .^

eral places it can not be detected.
^^^^ ^,^^^^,j^^ ^^^^ ^ thickness of at least 10 feet is exposed

The pumice fragments range in color from light-gray jn 0,,^ ^f ^^e deep test pits (fig. 57). The pumice is over-
to white. The white pumice has larger cells, lower bulk i^j^ by a mantle of pumiceous soil which averages about
density, and less crushing strength than the light-gray 3 fpg|." thick
pumice. The fragments are angular and range from

^ ^^^ .^^ .^ .^^ ^^,,^.j^ ^^ light-urav frag-
of an inch to 4 inches in diameter The vesicles are both

,^^^^^^^ ^j,^^ ^^^^^ ^^^^^.^^ particles to 4 inches hi
spherical and tubular. Phenocrysts^ of quartz sanidme

diameter. The average grain size is about i of an inch,
and biotite are present but rare. Scat ered throughou ^he white pumice contains larger cells than the gray
the pumice, and apparently more or less concentrated pumice
in the lower part of the beds are loose angular grains o-i- i • ^j. -,

, 1 ,
• ,

of quartz, feldspar, and biotite. This assemblage of crys- J^'^"^^
f'*."'^

'^
scattered through the pumice, but more

talline materials locally referred to as silica sand by the abundant in the lower part of the bed. Also scattered

pumice producers is bdng discarded because no present
throiighout the pumice are angular fragments of granite,

use has been determined for it.
"""^''f'

«"^1 ^asalt. The silica sand and stone fragments
constitute about 5 percent of the pumice laj'ers.

Screen analysis of quarry-run pumice from the Sand Doon pumice Mining operations at the Sand Doon pumice deposit
pit. Mono County, California. Analysis by writer. Started late in the 1940 's and continued intermittently

Accumulative j^j. ^j,g ,^p^^ f^^^, ^.^^^^ rpj^^ pumice was mined with a

Screen size retained retained bulldozer wiiich removed the loose pumiceous sou over-

l.inch 8.9 8.!) burden before scraping the pumice into a bulkhead-like

i-inch 8.7 17.6 hopper for truck loading.
i-inch 19.8 .S(.4 rpjjg pumiee was used locally or trucked to Los An-

lO-mesh 20.8 Ti^.J
1 il -j. -, \ , , ,

20-mesh 23.4 81.6 g^^'Ps where it was used in making concrete blocks.

30-raesh 8.8 90.4 d 7 ; n • r, .. t ..• ,^ , -. ,

40.mesh 4.2 94.6 Buckley Fumice Deposit. Location
: sees. 10 and 11,

50-raesh .1 1.9 96.5 T. 2 S., R. 31 E., about half a mile south of Benton.
60-mesh 0.8 97.3 Ownership: Tom Bucklev, Benton Station, California;
so-mesh 0.6 97.9

1^3^^^! ^^ Clarence Comstock and Cxordon Bacon, Benton,
lOO-mesh O.cS !IN.- /-1 ir
lliO-mesh 0.2 98.4 Calitomia.

140-mesh 0.3 9S.7 The Buckley pumice deposit lies on the gently sloping,
200-mesh 1.2 99.9 rolling foothi'lls ea.st of the Benton Range. Tlie pumice
_4{)-niesh

. layer is well exposed in an open pit which measures

All of the silica sand examined by the writer is very about 200 feet long, 100 feet wide, and 20 feet deep, and

fine-grained and apparently would pass through a 10- '" ^''.^'^'al '^'"''P \«"st P'ts scattered over the property. The

mesh screen. Tlie data in the accompanying table derived P"'"'ce layer is lense-like, and ranges in thickness from

from petrographic examination of several screen sizes of o'J^. [» -" f-^^t. It is overlain by loose pumiceous soil

the silica sand, show the amounts of crystalline constitu- ''\''^
[f"f

^^ /" thickness from 2 to 4 feet. Bedding is.,,.,, ,
not well developed 111 the pumice, but wherever it was

ents and pumice (volcanic glass) present. observed the strike is N. 15° W.. and the dip between

Percentage of crystalline con.ilitiients nnit piiiiiire "^ and 10 degrees llOrtlieastward.

in the silica sand The puiiiice is white and occurs in angular fragments
Cr.vstalline constituents Pumice that range from dust-like particles to 3 inches in diame-

Screen size percent percent
^^^ gjli^.^ ^3,,^ j^ present and constitutes about 10 per-

I-hI' X 30 ^'m
'^""20 *^^"^ °^ ^'^'^ pumice layer.

—:m), + 40 90 10 The pumice was mined from an open pit by the use
—40, + r.0 95 5 of a bulldozer which scraped the loose pumice to a bin
—(!(), -1-100 9.) .) ^t the nearby screening plant. From the storage bin the

rri. . • iu •! 1 • • 1 1
• pumice was conveyed to the screening plant where it

The (luartz in the silica sand is in clear, angular grains ^ j.ei 'i-i.-ijiui.-
, .

' .
,

.
, ,

BO passed first over a ^-mch single-deck vibrating screen,
and m doubly terminated crystals. ,p^p pj^^^ i_j,^^,j, p^^^^i^p ^^.^^^ crushed to minus ^inch in
The feldspar consists of angular grains of saiiidine. a set of rolls and stored in bins. The minus finch mate-

The biotite is less abundant than the (|uartz and feldspar rial from the vibrating screen consisted largely of silica

and occurs in flat, i)laty crystals. sand and was discarded.
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Pumice produced at the Buckley deposit was trucked consequently do not form prominent outcrops even in
to markets in Reno, Nevada, and Los Angeles, California steep, narrow gullies or on steep, cliffy hillsides. Unlike
where it was used for making lightweight building the pumice mined in the Benton area, pumice produced
blocks. in the Yellowjaeket Spring area has not been obtained

Victory Pumice Claims. Location : South i sec. 14,
f™m a single layer but from several layers.

T. 2 S., R. 31 E.. M. D. M., on the west side of Blind
Probably the thickest sequence of pumice layers in

Spring Vallev, about 2 miles south of Benton. Owner- ^^'nLTV' ''T'". v"u
«".^ffe operation located about

ship: Cowan & McGraw, 350 Clark Street, Bishop, Cali-
^^^^

l''\ 'T . f J'-Ho^vjacket Spring. Here one can

f jj^
see about bi) teet ot pumice overlain by sandy, dirty-

The' Victory pumice deposit is situated low on the
brown pumieeous soil and underlain by buff pumiceous

eastern slope "of the Benton Range on the west edge of f"^- /"'^'y'^^al layers of pumice range in thickness

Blind Spring Valley. The surface of the ground is low I'T \ ^o 5 feet. They are commonly separated by thin

and rolling and cut bv a small number of shallow ra- '^^^^ °^ '^^'*'' pumicite and local discontinuous layers of

vines. The pumice occurs in layers which do not crop out, ?^"^^, conglomerate. About^Si miles southea.st of Yellow-

but which are well exposed in bulldozer cuts, test pits, f^^''^
^prmg, the layers of subaqueous pumice are over-

and extensive mining operations. Prom the distribution !^'"
^J

^ <^overing of pinkish-tan, fine-grained pumieeous

of the test pits, it is evident that much of the property *"^ °^ nuee ardente origin. A similar sequence exists in

is underlain bv pumice. In general, the pumice lavers
a deposit of a few hundred yards northwest of the

strike N. 10-20° E., and dip from 5-7° SE. The pumice
Mathieu ranch house 2i miles northeast of Yellowjaeket

lavers range in thickness from 5 to 20 feet, and are
Spring. Here, the main pumice layer of subaqueous

overlain bv a loose pumiceous soil which ranges from 1
origin is about 18 feet thick and is overlain by a pinkish-

to 4 feet in thickness. *^" *"" '^^ nuee ardente origin. To the west and north

The pumice is white and is in angular fragments that °^ Yellowjaeket Spring the pumice layers are of sub-

range from dust-like particles to 3 inches in diameter. aqueous origin and contain a few local areas of reworked

The cells in the pumice are round and evenly distributed
pnmice.

throughout the pumice. Pheiioervsts of glassv quartz and "^ general, the pumice layers in this area have nearly

sanidiiie, as well as dark-brown biotite are rare. Silica *^^ ^^™^ attitude. They strike northward and dip east-

sand is present and is most abundant in the lower por- "^^^d at angles ranging from 5 to 20 degrees,

tions of the layers. Small fragments of rhyolite, dark- The pumice in the layers of subaqueous origin eon-

gray aiidesite, and small rounded grains of black ob- tains white and grayi.sh-white, angular fragments that
sidiaii also are minor con.stituents. range in size from dustlike particles to particles 3 inches

Mining is by open pit methods. Pumice is scraped with in diameter. The screen analysis shown below of the

a Caterpillar and pushed to a bin at the nearby plant. angular pumice from the Crawford Jjease indicates that
At the plant the pumice passes over a double-deck screen. most of the pumice is retained on a 10-mesh screen. The
The minus |-inch material consists principally of silica average size is about i inch,

sand and is discarded. The plus I minus i is stored in .<,,,,,,„ „„„,„,., „f „„„,,,.,„„ p,,,,,,,, f,„,„ t,,, „,„,„ p„„„-,e ied
bins, and the plus ^-inch pumice is passed through a set nt the Cmufoid lease, ^fo,,o County. Analysis ly ivriter.

of rolls adjusted to crush to minus |-inch. The crushed Accumulative
pumice is returned to the screens by a bucket elevator Percent percent

and stored in bins. " Screen size retained retained

The first pumice mined from the Victory pumice de- !-inch IIZIIIIIIIIIIZIIIIIIIIZIII 80 108
posit came from an open pit which is located about half ^inch 28^8 soie

a mile north of the present operation. This mining was 10-mesh .39.2 79.8

done during the middle 1940 's, and continued intermit- on""'"^!' ^It oi'f
tently until 1949 when the present pit was opened which 40-'mesh 1.1 94;2
in 1955 measured about 300 feet by 300 feet. The pumice !->o-mesh l!l osis

is used as aggregate in lightweight building blocks, and 60-mesh 0.8 96.1

the annual output from the deposits is well over 1500
ioo""'*"sh 06 977

*°"^- 140-mesh ZZIIIIIIIIIIIIZIIIIIIIIII 0^4 98!l

Yellowjaeket Spring Area ^?n'"'t ^t 1000
. 240-mp.sh l..i 100.0

1 he Yellow.]acket Spring is near the center of section

6, T. 3 S., R. 32 E., M. D. M., about 7 miles south of Phenoerysts of tpiartz are rare. Silica sand is present

Benton Station. This area, which includes several exten- and seems to be rather conspicuous throughout the layer,

sive pumice deposits, is bounded on the north and north- It commonly is concentrated in the lower beds, and eon-

east by Blind Spring Valley, on the west by the Benton sists of small, angular grains of quartz, sanidine, and

Range, on the east by Chalfant Valley, and gradually biotite. An occasional rounded fragment of rhyolite, dark

merges to the south into the Volcanic Tableland. mica schist, or andesite may be found in the pumice.

While much of the pumice in the Yellowjaeket Spring Bedding in the Yellowjaeket Spring area is well de-

area is of suba(iueous origin, several deposits show layers fined and individual beds range from a fraction of an

of reworked pumice and other deposits are thinly cov- inch to 20 feet in thickness. The layer near the Mathieu

ered by nuee ardente pumice, especially the ones along ranch is 18 feet thick; at the Brewster pit, about 3i miles

the southern part of the area. Layers of pumice which southeast of Yellowjaeket Spring the layer is 20 feet

have been exposed at several places by mining operations thick; and at the Van Loon pit west of Yellowjaeket

consist of loosely con.solidated pumice fragments and Spring the layer is approximately 12 feet thick. Varia-
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tions in thickness appear to be aseribable to (1) irregu-

larities on the original surface upon which pumice was
deposited and (2) the amount of post-pumice erosion.

The thin beds are ordinarily much whiter than the

thicker beds and contain an abundance of silica sand

and scattered rounded pebbles of dark mica schist.

Within the thicker layers one can find a rhythmic

layering in which the finer pumice particles lie beneath

the coarser particles. This is referred to as inverted bed-

ding and appears to be a characteristic feature of de-

posits of subaqueous origin. As many as six individual

inverted beds have been found in one pumiee layer and
each bed apparently represents separate volcanic erup-

tions.

Although layers of reworked pumice are common in

the Yellowjacket Spring area, they have not been mined
extensively. However, they do contain appreciable quan-

tities of pumiee suitable for use as aggregate material.

Most of the pumiee fragments in the reworked layers

are well rounded and differ in many respects from the

angular fragments of the subaqueous material. The
rounded pumice fragments are dirt.v. grayish-white in

color and are slightly elongated in a direction approxi-

mately parallel to the lineation or elongation of the

tubular openings in them. The pumice pebbles range

from ^-inch to 2 inches in diameter and are loosel.v en-

closed in a finer grained, pumieeous sand. The average size

fragment is about a quarter of an inch. Typical sedimen-

tary structures such as parallel bedding, crossbedding. del-

taic bedding, and la.vers of sand and conglomerate are well

developed. Many of the non-pumieeous, sandy layers are

dark in color and consist of rounded grains of quartz,

feldspar, biotite. and dark volcanic and metamorphic
rocks. The conglomeratic layers are not continuous and
consist of rounded pebbles of granite, dark mica schist,

andesite, rhyolite and an occasional pebble of pumice.

A thick layer of well rounded pumice occurs on the

Crawford lease, about 600 feet southwest of the quarry.

The reworked pumice layer is about lo feet thick and

lies near the base of the pumice sequence which is well

exposed in the Crawford quarry. The following table

gives a screen analysis of a sample taken across the

entire layer of rounded pumice.

Slrreen anahjsis of reirnrked pumice from layer ej-po.ied in narroir

rnvine about 600 feet south of quarry on Crnirford Lease, Mono
County. Analysis hy urifer. Accumulative

Percent percent

Screen .size retained retained

}-inch 3.2 3.2

iinch 6.3 9.5

1-inch 25.4 34.9

10-mesh 28.7 63.6

20-mesh 9.2 72.8

.30-me.sh 3.1 75.9

40-me.«h 2.8 7S.7

50-mesh 3.0 81.7

60-mesh 2.4 84.1

SO-niesh 3.6 87.7

lOO-me.'ih 2.5 90.2

1120-mesli 1.6 91.8

140-mesh 1.7 93.5

2ftO-mesh 2.3 95.8

240-me.sh 4.2 100.0

The eastern part of the Yellowjacket Spring area is

partly covered by nuee ardente Bishop tuff of Pleisto-

cene age. Much of the tuff is loosely consolidated and
consists mostly of white, angular pumice fragments that

range from Vie-'^ch to 3 inches in diameter and occur

in a matrix of pale-pink pumicite. The pumice frag-

ments constitute less than 15 percent of the tuff. Angu-
lar rock fragments of non-volcanic origin are present in

small amounts and are usually not more than one inch

in size. Angular grains of quartz, white and glassy sani-

dine, and black biotite are sparsely sprinkled throughout
the matrix. The Bishop tuff in this area ranges in thick-

ness from a few feet to 10 feet. It rests upon the pumice
layers of subaqueous origin from which it is separated

by a small erosional unconformity. Only a small amount
of pumice has been mined from the nuee artlente tuff.

Several hundreds of thousands of tons of pumice for

aggregate purposes has been obtained from deposits in

the Yellowjacket Spring area. Some of the pumice was
used in the construction of dwellings at the Pauite-

Shoshone Indian Reservation near Bishop, and a bulk

of it was shipped to markets in southern California.

White Hock Place)- Pumice Deposit. Location: sec. 1,

T. 3 S., R. 31 E., M. D. M., about IJ miles west of Yel-

lowjacket Spring. Ownership : 200 acres are owned by
H. A. Van Loon, Bishop, California. The deposit is at

the southern end of Blind Spring Valley in land of low
relief that is cut into by shallow ravines.

Two quarries, about ^-mile apart, exist on this prop-

erty, and have developed the same layer of subacpieous

pumice. The pumice layer whose wide lateral extent is

indicated by widely spaced test pits and quarrying op-

erations, ranges in thickness from 8 to 12 feet. At the

south quarry the layer is overlain by sandy pumieeous

soil 1 foot to 6 feet thick (figs. 60. 61). Separating the

pumice from the soil is a thin, irregular layer of white

caliche. The pumice layer rests upon a pumieeous sandy
soil and the whole sequence dips about 5 degrees east-

ward. The upper 2 feet of the pumice layer is made up
of well rounded pumice pebbles and grains that range

from |-inch to 2 inches in diameter. At the north quarry,

which is now inactive, the overburden is much thicker,

well bedded, and contains several flat, lenslike bodies of

conglomerate that consist largely of rounded pebbles of

granite, andesite, dark mica schist, and an occasional

pebble of pumice. Interbedded within the pumice layer

are zones of reworked pumice.

In mining the pumiee, the overburden was first

stripped with a bulldozer. The exposed pumice was then

moved to a bunker-type ramp by a drag scraper powered
by an automobile engine. The pumice was loaded into

trucks and hauled about oi miles to a plant where the

pumice was passed through a screen with 4-inch open-

ings. All oversize was discarded and the minus ^-iiich

material was stored in bins or hauled to Bishop where
it was mixed with finer-sized pumiee to make building

blocks. The property was opened up during the middle

1940's and production came to a standstill in lO-ia.

Van Loon "Fines" East Pumice Deposit. Location:

sec. 22, T. 3 S., R. 32 E., M. D. M., about 4 miles south-

east of Yellowjacket Spring. Ownership : H. A. Van
Loon, Bishop, California. The deposit is on flat-lying

ground about 1^ miles west of the eastern scarp formed

by the resistant Bishop tuff. Exposures of the pumice

are poor and the wide lateral extent of the pumice

layers is indicated in the widely spaced test pits and

abandoned quarries.
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The pumice layer, which is of subaqueous origin, is

about 10 feet thick, is flat-lj'ing. and is overlain partly

by brownish-gray, pumiceous soil and partly by loosely

consolidated Bishop tuff. The pumice fragments in the

pumice layer are white, angular, and range in size from

dustlike particles to 4 inches in diameter. The pumice

fragments in the overlying Bishop tuff are pinkish-

brown, subangular, and range in size from yto-in<^h to

2 inches in diameter. They are set in a matrix of pink

pumicite which will all pass through a 100-mesh screen.

Thin seams of caliche can be found cutting the pumice

layer.

Mining was done in an open pit which in 1953 meas-

ured about 150 feet long, 100 feet wide, and 20 feet

deep. The pit is abandoned and has not been worked

since late in the 1940 's.

Van Loon "Fines" West Pumice Deposit. Location:

sec. 21, T. 3 S., R. 32 B., M. D. M., about 4 miles south-

east of Yellowjacket Spring. Ownership: H. A. Van
Loon, Bishop, California.

The Van Loon "Pines" We.st pumice deposit is lo-

cated in the gentle rolling hills of the Volcanic Table-

land, about 1 mile east of the moderately dissected hills

which mark the eastern margin of the Benton Range
(fig. 8).

The pumice is exposed in open pit mining operations,

bulldozer cuts, test pits, and narrow, steep-walled ra-

vines. The pumice appears to be widespread in distribu-

tion as indicated by the broad distribution of the ex-

posures. The pumice is overlain by buff, sandy pumiceous

soil covering which ranges from a few inches to 5 feet

in thickness.

In the largest open pit, w'hich measures about 100

feet long, 50 feet wide, and 30 feet deep, the following

vertical section was measured on beds and layers which

appear to dip gently eastward (fig. 62).

Thickness in feet Description

2-3 Soil, sandy, pumiceous, dirty-brown in color.

4-6 Conglomerate, composed of flat, ansular. and

rounded pebbles of rhyolite, granite, ande-

site, and dark mica .schist, poorly sorted,

bedding fairly well defined.

15-18 Pumice, poorly sorted, considerable pumicite :

poorly bedded ; angular fragments are pink

colored.

1-2 Pumice, angular, very little pumicite.

6-|- Pumice, poorly sorted, no bedding, pink in

color ; considerable pumicite.

The section has been cut by several small normal faults

which have displaced the layers by as much as 8 feet.

Most of the pumice in the various layers is fine-grained

and pale pink. It was used locally in the manufacture

of building blocks, and trucked to Los Angeles and

other distant places where it was also used for aggregate.

The deposit was opened up during the early 1940's and

was worked intermittently for the next few years before

being abandoned in favor of other deposits much nearer

to Bishop.

Estella Pumice Deposit. Location: sec. 6, T. 3 S., R.

32 E., M. D. M., about one-quarter mile southwest of

Yellowjacket Spring. Ownership : Ted Sehreiner, 4546

Lomita Street, Los Angeles 19, California.

The Estella pumice deposit is in the low rolling hills

at the southern end of Blind Spring Valley. Actual ex-

posures of the pumice are few and are in mining opera-

tions, test pits, and bulldozer cuts. The pumice is best

exposed at the Estella quarry where it forms a layer

that ranges from 50 to 60 feet in thickness. The areal

extent of the pumice is not known, but as it is similar

to pumice well exposed in mining operations and on
steep hillsides at the Crawford Lease, about a mile and
a half southeast, it is reasonable to assume that the

pumice layer underlies at least 2 to 3 square miles here.

The pumice layer dips about 5 degrees eastward and
consists of numerous thin beds of pumice and pumicite
locally interbedded with reworked pumice and pebbly
sands. Most of the pebbly sand beds are associated with
the pumicite beds, are discontinuous, and ordinarily are

less than 2 feet in thickness. The pumice beds range
from 1 foot to 5 feet in thickness. The pumice frag-

ments are angular, white, and lie mostly within the

range of dustlike particles to fragments 3 inches in

diameter. Silica sand is more abundant in the pumicite
than in the ptimice.

Mining at the Estella deposit was started in the late

1940 's and lasted for only a few months. It consisted

of removing the soil overburden with a bulldozer and
then scraping the pumice downhill to a stockpile with
a dragline. Several hundred tons of pumice were re-

moved from a pit which in 1953 measured about 15

feet wide, 50 feet long, and 5 feet deep. The pumice was
mined for use as aggregate in the manufacture of light-

weight building blocks.

Snoeshoe Pumice Deposit. Location : see. 12, T. 3 S.,

R. 32 E., M. D. M., about 2 miles southeast of Yellow-
jacket Spring. Ownership : Ted Sehreiner, 4546 Lomita
Street, Los Angeles 19, California. Ten acres of this

property are under lease to G. N. Crawford, Bishop,
California, who has sub-leased to William LeVeek, Box
216, Anaheim, California.

At the Snoeshoe pumice deposit a thick sequence of

pumice beds is exposed in an extensive bench-cut mining
operation in the low rolling hills at the southern end of

Blind Spring Valley (fig. 64). The pumice beds range
from a few inches to several feet in thickness, and are

separated by layers of crossbedded sandy pumice that

also range from a few inches to a foot or more thick. The
pumice fragments in the pumice beds are angular, and
in the crossbedded layers they are well rounded. In

mining the pumice no attempt has been made to separate

the two types.

In mining the pumice, the overburden of dirty brown
pumiceous soil ranging from 1 foot to 4 feet thick was
scraped back from the bench faces. The pumice beds

were then opened up by several bench cuts, each 100

feet long and about 10 feet above the other, and the

pumice was pushed and hauled to a hopper-like storage

bin above the screening plant. From the bin the pumice

was carried by a belt conveyor to a trommel screen where

the plus 1 inch materials were separated from finer sizes

and discarded. The minus 1 inch pumice was loaded

directly into trucks to be used as aggregate in making
concrete blocks. Property was opened up in the early

1940 's and closed down "in 1948.

Brewster Pumice Deposit. Location: sec. 21, T. 3 S.,

R. 32 E., M. D. M., about 4 miles southeast of Yellow-

jacket Spring. Ownership : R. W. Dean, C. L. Gilland,

and J. C. Andahl, Bishop, California; leased to Acme
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Pumice Company, 183 Sprin-r Street, Fontana. Cali-

fornia, Thomas R. Brewster, president.

The Brewster pumice deposit is in some gently rolling

hills low on the east side of the Benton Range, Mono
County. The pumice at the Brewster deposit is in a

layer about 20 feet thick that is well exposed in several

widely spaced test pits which indicate a wide lateral

extent of the pumice. The layer dips eastward at a low

angle and is overlain by sandy, pUmieeous soil about 3

feet thick. The pumice fragments are angular, poorly

sorted, pink to white in color, and range from material

that is dustlike to fragments 2 inches in diameter. ]\Iost

of the material is actually pumieite as at least 80 percent

of it is minus 10-mesh. About 30 cubic yards of quarry-

run pumice yields 1 cubic yard of plus f-ineh pumice.

The deposit was opened during the middle 1940 "s and

closed in 1950. The pumice was mined from an open pit

which in 1950 measured about 100 feet wide, 150 feet

long, and 8 feet deep. A bulldozer was used to remove

the soil overburden and to push the pumice to a hopper-

like bin. From the bin the pumice was carried by belt

conveyor to an inclined screen where the plus 1-inch

pumice and stones were separated from the pumice.

The pumice was loaded into trucks, for use as aggregate

in making building blocks.

Mafhieu Pumice Deposit. Location: sec. 31, T. 2 S.,

R. 32 E., :M. D. M., about 1,000 feet north of Yellow-

jacket Spring. Ownership : One mining claim owned by
the Mathieu Brothers. Benton Station, California.

The Mathieu pumice depo.sit is in the low rolling hills

that border on the southeast part of Blind Spring Val-

ley. The pumice occurs in a layer which dips eastward

about 10 degrees. Exposures of the pumice layer are

few, but a partial sequence exposed in a small mining
operation shows several pumice beds that range from 1

foot to 6 feet thick. The pumice beds are separated by
thin beds of pumieite up to 1 foot thick.

Most of the pumice fragments are angular, although

one thin bed of reworked pumice consisting of well

rounded pumice fragments wa.s found. The pumice is

white and the fragments range in size from dust to as

much as 2 inches in diameter. Silica sand is more abun-

dant in the beds of angular pumice than in the reworked
pumice. In addition, the pumice contains phenocrysts

of sanidine, quartz, and biotite.

The pumice is overlain by soil that ranges from a few
inches to 2 feet thick. This property was in operation

for about one year during the latter part of the 1940 's.

The pumice was mined with a bulldozer which pushed
the pumice to a screening plant where minus 1-inch ag-

gregate was produced for use in making lightweight

building blocks.

Rae-Spencer Pumice Deposit. Location : sec. 28, T. 2

S., R. 32 E.. M. D. M., about 1.000 feet northwest of the

Mathieu ranch house. Ownership : William Rae and C. E.

Spencer, Hawthorne, Nevada.

An extensive layer of pumice, averaging about 18

feet in thickness, is exposed in several partly caved tun-

nels and bulldozer cuts on the Rae-Spencer property
which is in the low hills along the southeastern side of

Blind Spring Kill. The pumice layer is overlain by
loosely consolidated Bishop tuff that ranges fi-om 1 foot

to 6 feet thick, and rests upon a dirty-brown rocky soil.

The pumice layer in the tunnels (fig. 63) which are

about 40 feet above the bed of a nearby shallow stream,

dips gently southeastward. About 300 feet west of the

portals to the tunnels there is a northeasterly trending

fault which has tilted the pumice layer eastward to a

dip of 15 degrees.

The pumice layer consists of several di.stinet pumice
beds ranging from 1 foot to 12 feet in thickness. Most
of the mining was done in the thickest or 12-foot bed
which consists of white, angular pumice fragments that

range from dust-sized particles to as much as 3 inches

in diameter. Phenocrysts of glassy quartz are common
in the pumice, and angular fragments of rhyolite, ande-
site. and dark mica schist are present but rare. The
pumice beds that overlie and underlie the main pumice
bed range from 1 to 3 feet in thickness and contain more
silica sand than the main pumice bed.

Mining operations started on the Rae-Spencer prop-
erty in 1924 by Paul Splane and continued almost con-

tinuously until 1945 when all operations cea.sed. Most
of the pumice was mined underground although several

thousand tons were obtained from surface open pits.

Access to the pumice was through six parallel tunnels,

each extending into the main pumice bed for at lea.st

300 feet. The room and pillar mining system was used
extensively throughout the entire operation. Following
mining, the pumice was .separated into several sizes and
shipped to markets in southern California for use as

an aggregate in the manufacture of lightweight build-

ing blocks and concrete.

Large reserves of pumice remain, but they probably
would have to be removed by open pit mining methods if

the mine were to be reopened and operated economically.

Bishop- Laws Area

The Bishop-Laws area is in Mono and Inyo Counties.
It includes a part of Owens Valley and extends along
the west slope of the White ilountains southward from
Sacramento Canyon to Black ilouutain, a prominent
peak located about 8 miles northeast of Big Pine. The
area also embraces the southeastern part of the Volcanic
Tableland, a plateau of welded rhyolite tuff some 300
square miles in areal extent located at the north end of

Owens Valley, a few miles north of Bishop.
The Bishop-Laws area includes at least 8 deposits of

pumice, of which only three are being operated. Two of

these deposits are on the edge of the Volcanic Tableland,

and the third is low on the west slope of the White
Mountains.

Most of the pumice mined in this area has been quar-

ried from deposits of subatiueous origin ; substantial

amounts also have been obtained from deposits of nnee
ardente origin. The pumice occurs in extensive layers

that range from a few feet to several tens of feet in

thickness. Deposits of the nuee type are well exposed

along the southern and southeastern margins of the Vol-

canic Tableland, about 5 miles north of Bishop, and are

confined mostly to a layer of loosely consolidated Bishop
tuff, about 30 feet thick that commonly is overlain by a

denser phase of the Bi.shop tuff. The layer actually con-

tains more pumieite than pumice, and the material

ranges from dustlike particles to well-rounded pumice
lumps as much as 4 inches in diameter. The pumice is

pale, pinkish-brown in color and contains scattered

phenocrysts of quartz and sanidine.
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Snbaiineons pviiiiiuo is particularly al)uudaut alouu' Laws, Mono County, California. Ownership: The prop-
the west slope of the White Jlountains; also, along the erty, formerly owned by California Quarries Company
east margin of the Volcanic Tableland, about 4i miles (Tucker, 1927, p. 403) consists of 900 acres owned by
north of Ijaws. At the Volcanic Tableland deposits the Insulating Aggregates, Inc., Andrew Boyd, Bishop, Cali-
pumice is directly overlain by loosely consolidated fornia, and operated by L. V. Jlenefee, P. 0. Box 213,
Bi.shop tutf. BLshop, California.

The pumice layers along the west slope of the White The pumice at the Insulating Aggregates, Inc deposit
Mountanis are mterbedded with layers of fanglomerate which is located along the southeastern margin of the
whu-h ui some places are as much as 20 feet thick. Here Volcanic Tableland, occurs in a flat-lying layer which
the i)umiee layers range m thu'kness from 20 to 30 feet ranges in thickness from 12 to 15 feet and has an exposed
and sliow exposed lengths of as much as several hun- length of 2 to 3 miles (fig. 69). The pumice is overlain
dreds of feet. The pumice layers consist of numerous by loosely consolidated Bishop tuff which ranges in thick-
beds of pumu-e mterbedded with thin beds of pumicite ness from a few feet to 75 feet. Here the Bishop tulf is
and silica .sand. The pumice fragments are angular, but? colored, whereas the main pumice bed is grayish-
white, and range from Viiriiich to 3 inches in diameter. white with a local tinge of pink near the contact "with
All of the silica sand is finer than i-iiich and similar, in the Bishop tutf. The pumice layer lies upon stream sands
Its mineral content, to the silica sand found in the Blind and gravels which, because of their internal structure and
Spring Valley and Yellowjacket Spring areas. Bedding bedding, resemble deltaic sediments. The pumice layer
is prominent and the general dip is toward the west shows well-developed inverted bedding and consists of
and southwest from 2 to 10 degrees. several pumice beds that range from a few inches to sev-
A pumice layer exposed on the east edge of the Vol- eral feet in thickness. The pumice fragments are angular,

canie Tableland, about 4i miles north of Laws is about grayish-white and range in size from ^^-inch to 2 inches
15 feet thick. It is overlain by loosely consolidated in diameter. Both pumicite and silica sand are present in
Bishop tutf and lies upon crossbedded deltaic sands and thin beds,
gravels (figs. 69, 70) of unknown thickness and extent.

Chemicnl annlijsis of pumice and silica sand from the (/iiani/ of
Van Loon " Pines I'nnucc Deposit. Location : sees. the Insulating Aggregates. Inc.. Mono Countu.

8 and 18, T. 6 S., R. 33 E., M. D. M., about 5 miles north (1) (2)

of Bishop, California. Ownership : H. A. Van Loon, SiOz 60.10 80.7:2

Bishop, California, owns 540 acres. AUOs 1S..'56 I2.fi7

Ihe Van Loon "Fines pumice deposit is located peO mit ndt
along the southern margin of the Volcanic Tableland. CaO 4.96 0.77

The pumice layer is poorly exposed. At the Van Loon pit *^sO 0.72 tr

it is overlain by loo.se pumice soil about 2 feet thick, and ^I""'^ ^2^ --^1

dense Bishop tutf which forms abrupt clitfs about 100 TiO=
" "

^^
„*j

feet north of the pit. As exposed in a cliff about 2 miles HzoV | 1007
west of this property, the same pumice layer is hori- H2O- J " *""

zontal, is about 30 feet thick and is underlain by well- ^l"^
0.14 mlt

bedded pumiceous sands and gravels. At the Van Loon g^' ~]IIIIIIIII rill i"83 mlt
pit the layer is rather fine-grained, and contains material ci ^_IIIIIIIIIIIIIIIIIIIIIIIIIII~ZII~I none ndt
that ranges from angular, dustlike particles (pumicite)
to rounded lumps as much as 4 inches in diameter. The 100.16 100.00

finer portion is pale, pinkish-brown in color whereas the "* Pumice from quarry of insulating Ageregatcs. inc., Mono County .\ al.i i. lis .Smilli.

, ^ \ ' ^
. . , . \ ,. Emery Company.

larger lumps Ot pumice are grayish and have a thin (2) Sillca .sand, waste dlscarrled at proce'slng plant of insulating A;.;sreKiili-. inc. Mono

coating of pinkish pumicite. Phenocrysts of quartz and '°""'*- *"">'" "' '^"'""-^'"">' f""'"^"*-

sanidine are common in the lump pumice and also occur Pumice was mined at this property as earlv as 1927
as scattered grains through the entire bed. (Tucker, 1927, p. 403) when pumice was produced for

Mining for pumice on this property was started during use in making soap and cleansing compound, in stucco
the middle 1940 's and has been continuous since then. work, cement, and in acoustic plaster by the California
The pit, in 1955, measured about 250 feet long, 250 feet Quarries Company. How much before this date was the
wide, and 10 feet deep. property being quarried is not known. The property

Mining is by bulldozer. First the loose pumice soil is has, however, been in continuous operation since that

scraped away, thus exposing the pumice which is scraped '^ate and the present operation, the Insulating Aggre-

up and pushed directly into a bin (fig. 68). From the bin gates, Incorporated, is still producing pumice for plaster

the pumice passes through a vibrating screen which sepa- aggregate.

rates the minus J -inch material from the plus i-inch The large quarry adjacent to the plant has been closed

material. The plus i-inch material is discarded, whereas down and the pumice is now coming from another large
the minus ^-inch material is loaded into trucks and quarry which is located about 1000 feet south of the
hauled to Bishop to be used as aggregate in the manufac- plant.' The new quarrv is along the south side of a small
ture of building blocks and slabs, or sold to other inimice east-trending ravine. It has a quarry face which meas-
^^^^^'

ures about 1100 feet long and an average of about 12

Instdating Aggregates. Inc., Pumice Deposit. I^oca- feet high. The overburden overlying the pumice layer

tion: sees. 32 and 33, T. 5 S., R. 33 E., M. D. M., on at the new pit is loosely consolidated tuff that ranges

the west side of Hamil Valley, about 6^ miles north of from 1 to 20 feet thick.
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The pumice is mined by open-pit methods. The over- lowiiijr table is a screen analysis of quarry-run pumice

burden is stripped away with a bulldozer and the pumice from the Comstoek pumice deposit. The average size of

is trucked to a plant (fig:. 71) located near the pit. The pumice fragment is about J-inch.

plant contains 21 units consisting of screens, drvers. sep-

arators through which the pumice passes before the final ^"'^''1 """'.".m of quarry-r,,„ pumice from the Comstoek pumice
, .,T-,r.i X ji-11 deposit. Mono Couniu. laliforuxa. Anulunni by the tenter.

product IS bagged. Marketed aggregate products include
. , .

! . . ."^f. , ^ ^ ^ 1 • 1 .1- Accumulative
Ulterior insulating plaster, exterior stucco and insulating Percent percent
plaster, acoustical and abrasive materials. Chemical ad- Screen size retained retained

ditives are mixed with the pumice to make some of the J-inch 2.0 2.0

acoustical and insulating plaster aggregates. ^inch 4.4 6.4

Electric power is supplied by a 50 kilowatt Waukesha
lo-mesh ""Z""iriIIII"r"irri 22 4 S96

generator, using butane for fuel. Plant capacity is 70 20-mesh ..' I I__I.._I_I__I 29.9 69.5

tons per dav. 30-mesh 13.4 82.9
40-mesh 6.4 89.3

Sacramento Canyon Pumice Deposit. Location: sec. r>Omesh 3.7 93.0

3. T. 5 S., R. 33 E., M. D. M., at the mouth of Sacra- 60-mesh i.s 94.8

mento Canyon, about 2| miles northeast of the IMaron
u^'.ZVl I'lVZ rr'H'IIZI 08 973

Ranch. Ownership : Joseph B. Smith. Laws, California. 120-mesh oh 97!8

The pumice at the Sacramento Canyon deposit which l40-mesh 0..". 98.3

is situated at an elevation of about 5300 feet on the west
olto^mesh ""I—III 1 08 1000

slope of the White Mountains occurs in a poorly exposed

layer of unknown thickness and extent which is inter- The Comstoek pumice deposit was opened to mining in
bedded with fanglomerate material. Bedding is well de- 1941 ^nd was operated for the next 2 vears before tenipo-
veloped in the pumice layer which dips 4.j degrees warily closing down. lyiost of the pumice output during
southeastward. The layer consists of several pumice beds ^^is period was shipped East for ground pumice. The
luterbedded with thin beds of silica sand and pumicite. property was again opened in 1945 but operated for only
The pumice fragments are white and range m size from ^ f^^. months and produced pumice for building blocks.
Me-inch to 2 inches in diameter. They contain scattered Excessive overburden seems to have been one of the
phenoerysts of quartz and sanidine and angular frag- causes for the latest shut-down.
ments of rhvolite in verv minor proportions. The prop- mu j •.. • j vu u lu u- i, * • a

• J ^ • • . ' .
'^ , . , \,,\ The deposit was mined with a bulldozer which stripped

ertv was opened up to pumice mining during the middle ui..i,£i ^ uj mi, .'^
in.iA- J J J 4. •** ti Ti *v, 1 back the fanglomerate overburden. Ihe pumice was
1920 s and was operated intermittentlv until the earlv , » ^ 1 -^ j? u- v, ..v, 1

,„,^, ' • • scraped up from several pits 01 which the largest meas-
ured about 300 feet long, 50 to 75 feet wide. 30 feet deep

The pumice was mined from a pit which m 1948 me^as-
^^ the deepest end, and pu.shed to a bin. From the bin

nred about 100 foot square and 6 to 10 feet deep, with a ^^^ pumice passed first over a i-ineh screen to remove
scraper which moved the pumice to a small .storage bin.

^jj gjjjpj^ ^^^^^ 3„^j ^Jjp„ through a set of 12-inch rolls
From the storage bin the pumice passed through a screen adjusted to crush to minus f-inch size. The crushed
and all plus Mnch material was discarded. The minus pumice was stored in a bin where it was loaded into
g-inch pumice was trucked to Bishop to be used as aggre- ^^ucks for hauling to Bishop and other markets in
gate or cleaned and made into ground pumice. southern California

Comstoek Pumice Deposit. Location: see. 11. T. 5 S.. Jamieson Pumice Deposit. Location: sec. 17, T. 8 S.,
R. 33 E.. M. D. M., about 2 miles northeast of the Maron

j^ 34 -^ i^j -q ^^ ^ ^^^^ ^^e base of Black Mountain on
Ranch. Ownership

:
Hallie Comstoek, Bishop, California.

^^le east side of Owens Valley, about 7 miles north of

At the Comstoek pumice deposit which is .situated at Zurich, a siding on the Southern Pacific Railroad. Owii-
an elevation of about 5500 feet on the west slope of the ership : The property consists of one mining claim owned
White :Mountain a pumice layer ranging in thickness by Alexander Jamieson. Bigpine. California, and leased

from 12 to 22 feet is interbedded with fanglomerate to W. H. Frey and Associates. Los Angeles, California,

material. Both upper and lower contacts with the fan- rpj^^ Jamieson propertv contains the southernmost de-
glomerate are angular unconformities (fig. 66). The bed-

p^^jt gf pumice of the White Mountains, and is situated
ding in the pumice layer dips 10 degrees southeast,

^^ ^^ elevation of about 4400 feet on the steep west
whereas the overlying fanglomerate dips gently toward

^^^^^ ^f Blg^.j. jiountain, a prominent peak on the west-
the west.^ The overlying fanglomerate is as much as 20 ^j.^ p^^.^ ^f ^^e ^Tiite IMountains. It contains a pumice
reet thick. layer that ranges in thickness from 6 to 10 feet and is

The pumice layer is well exposed in mining operations interbedded with fanglomerate. The entire sequence dips
(figs. 65, 67) and shows typical subaqueous features. gentlv toward the west (fig. 72). Several pumice beds
The bedding is prominent and of the inverted type. The ^^.^ '^^.^ ^^ich range from a few inches to several
pumice laver contains several beds of silica sand that t ,.

• *u- i ^ t * u aa a ^uv, *i,„ ^„™;„„ „-„ +1,;.,
I ,. ^ • ^ J , . ^, ^ x- ^u ^ r ..u feet in thickness. Interbedded with the pumice are thin
indicate repeated volcanic outbursts. Near the top of the

, , » ... j •,• j mi. • i

pumice laver several beds of pumiceous sand exist and beds of pumicite and silica sand. The pumice fragments

the pumicV is admixed with various proportions of fan- are white, angular, and range from Mfi-inch to 1^ inches

"•jomeratic material. in diameter. Phenoerysts of quartz and sanidine are
"
The pumice fragments are angular, white, somewhat common, and these two minerals also constitute a large

softer than the pumice in the Yellowjaeket Spring area, portion of the so-called silica sand which comprises about

and range from i^-inch to 3 inches in diameter. The fol- 20 percent by weight of the pumice layer.
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The Jamiesoii pumice deposit was opened up during
the middle 1940 's and was in operation for a few months
oidy. The miniu": was from an open pit which in 1948
measured about 75 feet long, 80 to 40 feet wide, and 5

feet deep. The mine-run pumice was hauled to a screen-

ingr plant near the pit where the pumice was separated
into the following sizes: minus li inches, plus f-ineh,

and minus f-inch (Norman and Stewart, 1951, p. 109).

Oasis Pumice Deposit. Location: T. 6 S., R. 37 E.,

M. D. M., near Westgaard Pass Road, about 3^ miles

south of the Mono County line. Ownership : Francis E.

Patton and P. S. Longley.

At the Oasis deposit the pumice occurs in a layer of

unknown thickness and extent. The la.yer has been ex-

posed in a pit which in 1949 measured 20 by 30 feet from
which only a small amount of pumice was mined. The
pinnice fragments are angular, white in color, and are

admixed with considerable amounts of silica sand.

Very little information is available regarding the

dates of this operation and the location of the markets.

Coso Range Area

The Coso Range is in the southwestern part of Inyo
County. It is a broad north-trending mountain range,

about 36 miles long, 22 miles wide, and is bordered on
the north by Owens Lake and the Inyo Mountains, on
the east by the Argus Range, on the south by Brown
Valley, and on the west by Rose Valley and the towering

Sierra Nevada.

The Coso Range has a central core of granitic and met-

amorphic rocks which is overlain by a sequence (starting

at the bottom) of (1) alluvial gravels, (2) tuffs and lake

beds, and (3) andesitic and basaltic lava flows. The
alluvial gravels and overlying tuffs and lake beds are

referred to as the Coso formation (Schultz, 1937, p. 79)

which is said to be late Pliocene or early Pleistocene in

age. The pumice deposits are in the tuffs which are well

exposed on the north, west, and south flanks of the range.

Most of the pumice mining, however, has been carried on
in deposits on the western and southern flanks of the

range.

In the Coso Range area active voleanism ceased only

several thousand years ago. Here, flows of basalt and
andesite, thick accumulations of lacustrine sediments

and pyroclastic rocks, domes of perlite, and thick mantles
of loosely consolidated tuff lie upon a basement com-
plex of deeply eroded granitic and metamorphie rocks

(plate 3). At least two types of pumice tuffs exist in this

area—tuffs of (1) subaqueous and (2) nuee ardente
origin. The pumice in each type is similar in many
respects, and eacli has been used principally for aggre-

gate for pre-cast and monolithic concretes. Most of the

pumice produced in this area, however, has come from
deposits of the nuee ardente type.

Tuffs of subaqueous origin are well bedded and con-

tain several beds of pumice separated from one another
by layers of gray, moderately well consolidated sand
(fig. 82). The pumice beds range in thickness from 1 foot

to 15 feet, and in places the beds have an aggregate

thickness of 100 feet. The pumice fragments are grayish-

white in color and range in size from ^ inch to 2i inches.

Deep brown plates of biotite are common ; needles of

hornblende and subhedral crystals of quartz and potash

feldspar are rare. Scattered irregularly throughout the

tuff are rounded to angular boulders of fresh granite,

andesite, and dark mica schist.

The following section was measured on a steep hill

face, a few thousand feet northeast of the pumice pit in

see. 13, T. 21 S., R. 37 E., M. D. M.

Section of fiiffaceous rocks exposed on a steep hillside about 150
feet north of the Lucky Lager pumice pit, east i sec. 13, T. 21
S., R. 31 E., Coso Range, Inyo County, California.

Thickness
in feet Description

Top
175-200 Hornblende andesite, porpli.vritic, brown to gra.vish in

color. In several flows which dip 5° to 7° W. and
strilse X. 10° E.

50-60 Andesite agglomerate and breccia.

20-25 Tuff, sand.v, brownish-gray in color.

15 Andesite agglomerate and breccia. Fragments angular
and range in size from 1 inch to 3 feet. In gray
tiiffaceous matrix.

50-60 Tuff, sandy, buff colored.

85-100 Tuff, light gray. Pumice fragments range in size from
} inch to 2 inches. Crystal fr.ngments are quartz,

feldspars, hornblende, and biotite ; lithic fragments
include aliuudant andesite and rare granite.

20-25 Andesite tuff breccia, brownish-gray. Angular frag-

ments range in size from 1 inch to 1 foot. In
tuffaceous matrix.

5-7 Tuff, sandy, well consolidated, cream colored.

30 Tuff, gray, well consolidated. Contains numerous
fragments of hard, gray pumice. Bedding well de-

veloped.

10 Tuff, light creamy-white; crystal-lithic-vitric ; well
bedded. Source of pumice production. Bottom not

exposed.

At pumice pits in sees. 35 and 36, T. 21 S., R. 38 E.,

M. D. M., there is exposed a partial sequence which
includes the following

:

Sequence of pumice tuffs and tuffaceous sedimentary rocks exposed
pumice pits on the Don}ia pumice deposits, Coso Range, Inyo
County, California.

Thickness
in feet Description

Top of sequence.

5-10 Soil covering, pumiceous in part, loosely consolidated.

20-22 Tuff, pumice ; pumice fragments well bedded, angular,
grayish-white, range in size from ,"5 inch to 2^ inches.

Bedding inverted.

8-10 Tuff, pumice, fine-grained, grayish-white. Considerable
silica sand in lower portion ; well bedded and grades
downward into tuffaceous sandstone.

2 Sandstone, tuffaceous, gray, well bedded with thin beds

of silt and silica sand.

10-11 Tuff, pumice, white; rounded pumice fragments range in

size from A inch to 3 inches, inverted bedding. Thin
silica sand beds in lower portion.

11-13 Sandstone, loosely consolidated, gray to buff, fine-grained,

silty in layers.

3 Sandstone, loosely consolidated, gray to buff, coarse-

grained, pebbly in part.

17 -|- Tuff, pumice, white, bedding poorly defined. Pumice frag-

ments angular, and range in size from i^ inch to 2}
inches. Bottom of sequence not exposed.

The nuee ardente tuft's are well exposed in open pits in

sees. 13, 14, 23, and 24, T. 21 S., R. 38 E., M. D. M.,

where current mining operations are being carried on.

These nuee ardente tuffs are near surface deposits and
are covered by a soil mantle that ranges in thickness
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from a few feet to 10 feet (fig. 75). The bedding i.s ^luch of the pumice mining in the Coso Range area
poorly defined and dips gently westward. The actual has been carried on by the Crownite Corporation, for-

thickness of the tuff is not known, although the working merly Desert Materials Corporation. Although much of

face in one large pit shows a section of loosely consoli- the early production for these deposits was obtained
dated pumice as much as 30 feet in thickness. Among the from the Donna pumice deposits in sec. 35, T. 21 S.,

interesting features of these tuffs are the boulders that R. 38 E., the present pumice is rained from the Ray Gill

are scattered indiscriminately throughout the section. No. 31 pumice deposit in the northeast corner of sec. 24,

These boulders range in size from 4 inches to 4 feet. T. 21 S.. R, 38 E. Other pits in sees. 15, 21, 22, 35, and
They are angular to rounded, and are composed pre- 36, T. 21 S., R. 38 E., have yielded small amounts of

dominantly of hornblende andesite and rarely of granite pumice.

and dark mica schist. Each boulder, no matter how large „ ^ it ,- ,~ mi ^ r,-., xr - • , . .

or small, is surrounded bv a zone of bleached white .

t^oyaill.\o^,. The Ray Gill No. < pumice deposit is

pumicite which ranges in thickness from i-inch on the '" '}}'
^'"^^er of sec. 21 T^ 21 S., R. 38 K It occurs on a

small boulders to 12 inches on the large boulders. These ^°"^^ trending spur which rises about 3o0 feet above the

rims of pumicite are probablv caused bv the building-up ^''°' °V °P'" ? ^T ^^
^i^'/^''"^

'^ '^^^"^ ^ ""^^^

of volcanic dust on the boulders as thev were carried ^^""V
^^' P^.-^f^^"^", P^^"^ ^t ^ykes, a siding on the

along with the mass of on-rushing pumiceous cloud
»outtiern l^acitic Kaiiroad.

(fjg 7g) The pumice at the Ray Gill No. 7 deposit occurs in a

The pumice fragments in these nuee ardente deposits
t"ff layer interbedded with tuffaceous sediments of the

are gravish-white in color, angular, and range in size
Plio-Pleistocene Coso formation. Granitic basement rocks

from tV-iueh to 2^ inches in diameter. Bombs up to 6
^'"^

'^^foft'^ "\V n'^""'!' ^^ the actual contact was

inches in diameter are rare. Crvstals of biotite, horn-
concealed beneath soil overburden. The pumice layer and

blende, and feldspars are present in the pumice. Near associated tuffaceous sediments strik-e N. 4o° E., and dip

the base of the exposed section are several dirtv-grav f^""*
20 degrees northwestward. The layer ranges m

lavers. The^e lavers are lenticular and range in thickness
hickness from 5 to 4o feet, but averages about 12 feet,

from 2i to 4 feet. Since thev exhibit poorlv defined bed-
O^T^burden consists of pumiceous soil about 2 feet thick,

ding and correspond closelV in appearance to the soil . J^' P^"?"'^f, ^''^ ^^ moderately consolidated and con-

presentlv covering the tuff," it is assumed that thev are "^f
" principally of pumice fragments and minor amounts

soil horizons and indicate several periods of pumice" dep- °^ pumicite. Rounded cobbles of red granite, hornblende

osition
andesite. and dark mica schist are common. The pumice

"

' . , , •
i. , • ^ , ,

fragments are angular, light-grav to white, and range
Chemical analysis of the pumice from the nuee ardente

f^.^^, i j^^ij ^^ g inches in diameter. Phenocrysts of black
tuff from the Coso Range area shows some features that biotite and glassv feldspar are common in the pumice;
are not consistent with similar types of pumices found ervstals of black "hornblende are rare,
farther north in Mono and Inyo counties. The following The Rav Gill No. 7 pumice deposit has been developed
analysis IS by Smith-Emery Company, Los Angeles. Call- through bulldozer cuts, trenches, shallow shafts, and
forma, and indicates that the pumice is not rhyolitic but

^^jji jjoles. There are 22 drill holes within the limits of
andesiticm composition^ This is further indicated by ^he claim which show an average of about 11 feet of
the scarcity of quartz and potash feldspar. ^^^-^^ p^,. j^^j^ ^^^^ ^^ ^^e holes did not intersect the

Chemical composition of the pumice from the nuee ardente pnmice layer whereas several drill holes encountered as

tuff of the Coso Range. Analysis by ^mith-Emery Company. much as 45 feet of pumice tuff (see fig. 10).

SiOi 60..'Hn Much of the pumice mining on the Ray Gill No. 7

AbOj 16.26 pumice deposit was by open pit methods and was done in
FeiOs 2.80 jg^g ^u^j 1947. The pumice was mined from an open pit,

TiOj "IIIIIIIIIIIIIIIIZIZIIIIIIIZIZZIIIIIIZIIIIIII 60 which in 1955, measured about 500 feet long, 100 feet

CaO 5.74 wide, and 10 feet deep. A bulldozer was used to remove
SIgO 3.98 the overburden and the pumice was mined with a drag-
XaiO 1.9o

]jj^p which loaded the pumice directlv into trucks.
KsO 0.06 . ".,.,.,
Loss on Ignition 7.82 The pumice was used as aggregate in making Iight-

SOj None weight building blocks.
P1O5 None
Bentonite (clay) None Ray Gill Nos. 11, 13, and 53 Pumice Deposits. The

Rav Gill Nos. 11, 13, and 53 pumice deposits are situated
Pum.ce Deposits

jj^ ^g^g oi and 22, T. 21 S., R. 38 E., M. D. M. (see fig.

Crownite Corporation Pumice Deposits. Location: 10). Thej- are on the south slope of a spur which rises

sees. 13, 14, 15, 21, 22, 23, 24, 26, 35, and 36, T. 21 S., about 600 feet above its southern base, and are 8 miles

R. 38 E., M. D. M., in the southern part of the Coso from the processing plant at Sykes siding.

Range, about 6 miles northeast of Coso Junction. Owner- The pumice at the Ray Gill Xos. 11. 13, and 53 deposits
ship

:
The property consists of 17 claims grouped as fol- occurs in a pumice tuff laver interbedded with tuffaceous

lows (fig. 9) : (1) Ray Gill No. 7, (2) Ray Gill Nos. 11, lake deposits. The sequence of pumice tuff and tuffaceous
13, and 53, (3) Ray Gill No. 31, (4) Ray Gill Nos. 51 lake deposits rests unconforniably upon friable, deeply
and 52. and (5) Donna Group (Donna Nos. 1, 2, 3, and weathered granite. The sequence strikes N. 40= E. and
4^. These claims are owned by the Crownite Corporation, ^ips about 20 degrees northwestward. Expo.sures of the
H. Fogwell, president, and Robert Huber, general man- pumice layer are rare, but as much as 15 feet in depth
ager, 6363 Wilshire Boulevard, Los Angeles, California. of pumice was encountered in open cuts on Ray Gill
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No. 11 and an equal amount in the small open pit on
Ray Gill No. 5.'j indicate at least 10 feet of pumioe.

The sequence of pumice tuff and tuffaceous lake de-
posits (Plio-Pleistocene Coso formation) is cut by a small
north-trending normal fault. The amount of movement
is not known, but from the relative positions of the
pumice layer on both sides of the fault, the displacement
in a vertical direction was probably no more than a
few tens of feet.

Overburden consists of pumiceous soil which ranges
from 1 foot to 3 feet thick.

The pumice layer consi.sts principally of pumice frag-
ments and minor amounts of rounded boulders and cob-
bles of hornblende andesite. red granite, and dark mica
schist. Angular grains of glassy quartz, black biotite,

and feldspar constitute the crystalline portion that rep-
resents a few percent of the pumice tuff layer. The pum-
ice fragments are angular, light-gray to white in color,

and range from ^ inch to 2 inches in diameter. Pheno-
crysts of glassy feldspar and black biotite are common
in the pumice.

The Ray Gill Nos. 11, 13, and 53 pumice deposits have
been developed on a limited scale through a small open
pit on the Ray Gill No. 13 and shallow test pits and open
cuts on the other two deposits.

Although no pumice has been produced from these
deposits since 1947, they contain, as indicated by the
limited exposures and development, at least 100,000 tons
of pumice suitable as aggregate for lightweight building
block.

Bay Gill No. 31 Pumice Deposit. The Ray Gill No. 31
pumice deposit lies in parts of sees. 13, 23, and 24, T. 21
R., R. 38 E., M. D. M., although the Ray Gill Claim
includes part of sec. 14 also (.see fig. 11). The deposit
occurs in a small broad valley at an elevation of 4890
feet, about 10 miles from the processing plant at Sykes
siding.

The pumice at the Ray Gill No. 31 deposit occurs in
layers of pumice tuff of nuee ardente origin. The pum-
ice tuff layers are essentially flat-lying and range in
thickness from 1 foot to at least 28 feet.

They are separated by thin layers of pumiceous soil,

and the repeated appearance of the pumiceous soil indi-

cates more than one period of pumice deposition (fig. 75).
The pumice is overlain b.v a soil covering that ranges
from 2 to 10 feet thick. The soil is loosely consolidated
and easily removed.

The pumice fragments are white, angular, and range

from 1/1(5 iiich to 6 inches in size. The average size of

pumice fragments is about \ inch. Phenocrysts of black

biotite, black hornblende, and glassy feldspar are mod-
erately common in the pumice. Scattered at random
throughout the pumice layers are angular and rounded
boulders of hornblende andesite, granite, and dark mica
schist that range from 4 inches to 4 feet in diameter.

Each boulder, regardless of size, is surrounded by a rim
of white pumicite which ranges from \ inch to 12 inches

in thickness, the larger boulders having the thicker rims

of pumicite.

The deposit is cut by several small normal faults of

unknown displacement that strike roughly northwest-

ward.

Screen (uuilysis of quarry-run pumice from main open pit on Ran
Gill No. 31 pumice deposit, Coso Range, Inyo County, Cali-
fornia. Analysis by author.

.\c'Oiimiilative iierowit
Screen size Percent retained retained

li inch 9.7.S 9.78

i inch 10.00 1!),78

i ineh 24.8r> 44.6.S

i inch 17.17 (il.SO

4 nie.sli ll.ao 7.S.10

8 mesh 10.87 83.97
14 mesh 5.87 89.84
30 mesli 6.30 96.14
50 mesh 1.37

'

97.51
100 mesh 1.30 98.81
140 mesh 0.79 9il.(i0

200 mesh 0.40 100.00

The Ray Gill No. 31 pumice deposit is the main source
of pumice for the Coso Range area. This deposit has been
developed through extensive open cuts aiul open pits

(figs. 74, 77, 78). A total of 45 vertical drill holes were
drilled into the dejiosit. Eleven holes did not show any
pumice; the remaining 34 holes showed a thickness of
pumice ranging from 1 to 27 feet. Apparently only a
few of the holes were drilled to depths beneath the lowest
pumice layer, since subsequent mining operations have
shown the pumice secpience to be as much as 35 feet in

thickness.

Overburden is removed and hauled away from the
stripped area by cateri)illar drawn Tourneaupulls. The
pumice is mined with a dragline and loaded into trucks
for hauling to the processing plant at Sykes Siding.
Bay Gill Nos. 51 and 52 Pumice Claims. The Ray Gill

pumice claims numbers 51 and 52 are located in sees. 23
and 26, T. 21 S., R. 38 E., M. D. M., about 10 miles from
Sykes siding (see fig. 11).

Pumice is not exposed at the surface on the Ray Gill

pumice claims 51 and 52. Loose pumiceous soil covers

the surface, but the widespread occurrence of pumice
float and the abundance of angular pumice fragments
in mounds surrounding badger holes indicates that the

pumice occurs not too far beneath the surface of the

ground.

The pumice obtained from badger mounds on the

Ray Gill pumice claims 51 and 52 is very similar to

the pumice which occurs in the nearby Ray Gill No. 31

pumice deposit.

Donna Pumice Deposits. The Donna pumice deposits

are located on four pumice claims. Donna Nos. 1, 2, 3,

and 4, located in sec. 35, T. 21 S., R. 38 E., M. D. M.,

about 10 miles from Sykes siding (see fig. 12). The
pumice deposits are on a moderate south-dipping slope

of an east-trending ridge of granite and appear to have

been deposited in a shallow stream basin whose configu-

ration was similar to the present topography (fig. 79).

The pumice at the Donna deposits occurs in a sequence

of pumice tuff layers interbedded with layers of pumi-

ceous sand that dips gently south. The base of the se-

quence is not exposed in any of the mine workings nor

can the pumice be found in contact with the granite

which is well exposed at several places near the open

pits. However, on the basis of exposures in the mine

workings, the sequence is at least 85 feet thick. In gen-

eral, there are two layers of pumice tuff beds separated

by a persistent layer of fine-grained pumiceous sand

about 14 feet thick. The top tuff layer ranges up to 50

feet thick, and the bottom tuff layer, although not com-
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pletely exposed, is at least 17 feet thick. The pumiee is

overlain bj^ loosely consolidated piimieeous soil which
riiii>ies in thickness from 5 to 10 feet. The pumice in the

upjHT tuff layer is both angrular and rounded, light-gray

to white in color, and ranges in size from -j-r inch to 3

inches (fig. 80). Phenocrysts of black biotite, black horn-
blende, and glassy feldspar are moderately common in

the pumiee. Thin interbeds of silica sand, tuffaceous

.sandstone, and silt can be found in the upper tuff laj-er,

especial!}' in the bottom portions of the pumice layers.

The silica sand is fine- to medium-grained and consists

of glassy quartz, glassy feldspar (both potash and soda-

lime), black biotite, and stumpy needles of black horn-
blende. It is estimated that the silica sand and interbeds

of silt and tuffaceous .sandstone (not including the thick

layer of pumiceous sandstone that separates the tuff

layers) constitute at least 10 percent bj' weight of the

upper tuff layer.

The pumice in the lower pumice tuff layer is white and
occurs in angular fragments that range from yt, iiK'h to

2i inches in diameter. Phenocrysts of glassy feldspar,

black biotite, and black hornblende are moderately com-
mon in the pumice. There is, however, a general absence
of silica sand in the lower pumice tuft" layer, and this

is a good point in favor of this layer even though it is

covered by at least 14 feet of loosely consolidated pumi-
ceous sandstone. Several small faults cut the pumice but
do not displace it appreciabh' (fig. 82).

The pumice at the Donna deposits has been well ex-

posed in drill holes, test pits, shallow shafts, and deep
open pits. A total of 19 drill holes were sunk to test the

thickness and extent of the pumice. Pumice was encoun-
tered in 11 of the holes and the other 8 were bottomed in

the soil overburden. None of the drill holes were deep
enough to encounter the bedrock, and many of them
were stopped in the thick layer of pumiceous sandstone

which caved the hole and stopped the drilling.

All the mining at the Donna pumice deposits was by
open pit methods from two pits, the larger of which
is (measured in 1955) aboiit 400 feet long, 100 feet wide,

and 50 feet deep. The smaller pit is about 200 feet long,

40 feet wide, and 35 feet deep.

Pumice mining was started at the Donna inimice de-

posits in 1946 and continued through the middle of 1948.

During this short period the output of jiumice was more
than 50,000 tons, the bulk of which was used in making
lightweight concrete.

At the plant the mine-run pumice is first passed over

a 3-inch grizzly to remove the boulders of andesite,

mica schist, and granite. The minus 3-inch material then

])asses to closed circuit of vibrating screens and roll

crusher to produce various sizes of pumice according to

product desired. The coarser grades are stored on the

ground in the yard and the finer material is stored in

bunkers. The following products are produced at the

plant

:

Yards
Product Size in inches per hour

Pea gravel -i -|- J 85
Block afrgregate —fg to pan 85
fJunite aggregate —

t% to pan 40-45

Plaster graniile —J + A —
Plaster sand —it to pan 45
Special sand 1 and J 110-115

Pozzolan —J to pan
(reground for

pozzolan)

California-Nevada Biiililinij Malt rials Producers I'um-
ice Deposit. Ijocation: .sec. 19, T. 21 S., R. 38 E.,

M. D. M., on tlic southwestern slojjc of the Coso Range,
about 4 miles northeast of Coso Junction. Ownership:
R. 11. Thompson, IMayfair Hotel, Inyokern, California;
leased to California-Nevada Building Materials Pro-
ducers, D. B. Chester and Associates, 3723 Wilshire Bou-
levard, Los Angeles, California (Norman and Stewart,
1951, p. 107).

The pumice at this deposit occurs in tuft's of sub-
aqueous origin that are well exjjosed on the north side of
a small canyon. The pumice fragmt>nts are grayisli-white
in color, angular in shape, and range in size from i-
ineh to 2 inches in diameter. The pumice was mined and
hauled to a small plant near Coso Junction where aggre-
gate pumice was produced. This property is idle now.
but was in operation during the late 1940's.

hifio I'limice Corporation Deposit. Location: sec. 19,
T. 21 S., R. 38 E., M. D. M., on the southwestern slope
of the Coso Range, about 2 miles southeast of Haiwee
Powerhouse. Ownership : property consists of two claims
owned by William J. Petty, P. O. Box 21, Inyokern,
California ; lea.sed to Inyo Pumice Corporation, N. W.
Baum, president, 11314 S. Luitweiler Road, Whittier,
California (Norman and Stewart, 1951, p. 108).

The pumice at the deposit of the Inyo Pumice Corpo-

ration occurs in a layer of creamy-white, angular frag-

ments that range in size from ^ inch to 2 inches in

diameter. The layer which has an exposed thickness of

30 feet is overlain by a well-cemented, cream-colored,

sandy tuff. Both the pumice and tuff are parts of a thick

section of pyrodastic rocks that dijjs gently westward.

In 1948 the property was opened for mining, but was in

operation for only a few months.

Round Mountain Pumice Deposit. Location: sec. 30,

T. 21 8., R. 38 E., M. D. M., on the southwestern slope

of the Coso Range, about 3 miles southeast of the Ilaiwee

Powerhouse. Ownership: Three placer claims owned by
Henry Babineau, 6204 Woodward Avenue, Bell, Cali-

fornia (Norman and Stewart, 1951, p. 108).

The pumice at the Round Mountain deposit occurs in

a lenticular layer of unknown thickness in a section of

tuft's and tuft'aceous sediments that dii)s gently west-

ward. In the center of an ojien pit where considerable

pumice has been mined, the jiuniice layer has an exposed
thickness of 20 feet. The pumice fragments are ang\dar
in shape, white in color, and range from ^ inch to 2

inches in diameter. The pumice is loosely consolidated

and is (piite easily mined after the oxerburden of vari-

able thickness is stripped away.
]\Iining operations were started in 194!) and the pumice

was mined with tractor with a hydraidic dozer which
pushed the loose pumice into a hopper. A vibrating

screen powered by a 6-horsei)ower gasoline engine sep-

arated the pumice into the following sizes: minus IJ

inches, plus -J inch, and minus s incli. This jii'operty was
inactive in 1955.

Luclii Lager I'umice Deposit. Location: sec. 13, T.

21 S., R. 37 E., M. D. M.. on the southwest slope of the

Coso Range, about 11 miles southeast of the Haiwee
Powerhouse. Ownership: Eight placer claims are owned
by William J. Petty, P. O. Box 21, Inyokern, California

;

leased to Ileni'v Babineau, 6204 Woodward Avenue. Bell.

California.
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At the Lucky Lager pumice deposit, pumice is mined
from a layer of tuff which lies near the base of a se-

quence of pyroclastie rocks (see fig. 85). The sequence

dips westward between 5 and 7 degrees, and consists of

interbedded pumice tuff, tuffaceous sedimentary rocks

and tuff-breccia, all part of the Plio-Pleistocene Coso
formation. The tuff layer at the open pit rests upon
andesite breccia and is overlain by rocky talus which
ranges from a few feet to 10 feet thick. Although the

thickness of the pumice bed is not known, thicknesses

up to 30 feet were exposed in test pits and mining
operations (fig. 85). The pumice fragments are creamy-
white in color, angular in .shape, and range in size from
jig inch to 2 inches in diameter. Pumice bombs up to 8

inches across are not rare.

The pumice is mined from an open pit which in June
1955 measured about 300 feet long, 50 feet wide, and a

face about 30 feet high.

The pmnice is mined with a bulldozer and used mainly
as aggregate in building blocks.

Volcanic Cinders (Scoria) Deposits

Three producers mine volcanic cinders in the Coso

Range area. Two of them are located on the south slope

of Red Cinder Mountain (fig. 87) and the third, a more
recent producer, on unnamed cinder cone about 2 miles

northeast from Red Cinder Mountain. Red Cinder Moun-
tain is a typical volcanic cone and rises about 500 feet

from its base, which is about 1 mile in diameter, to an
elevation of 3945 feet. The unnamed cinder cone is

considerably smaller than Red Cinder Mountain. It ri.ses

about 180 feet above its circular base and attains an
elevation of 3623. It measures about 2500 feet in

diameter across the base. Both cinder cones are in the

southern part of Rose Valley, about 3 miles north of

Little Lake, Inyo County.

The volcanic cinders are basaltic in composition and
contain small lath-shaped labradorite crystals set in a

groundmass of fine-grained labradorite and augite, and
some dark-brown basaltic glass.

The accompanying table, which gives the chemical

analyses of Red Cinder Mountain volcanic cinders and
an average of 56 basalts from world-wide occurrences in-

dicates that the volcanic cinders from Red Cinder Moiin-

tain are basaltic in composition even though they contain

appreciably more soda and potash than is common to

basalts typical of volcanic centers containing calc-alka-

line andesites, dacites, and rhyodacites.

Chemical analysis of volcanic cinders from Red Cinder Mountain,
Inyo County, California, and the averape of ,'>G chemical analyses

of basalts from world-tride occurrences.

(1) (2)

SiO> 50.90 51.35

AUOa 18.24 18.04

Fe^Oa 7.77 3.40

FeO — 5.70

CaO 9.58 10.07

MgO 5.73 6.01

NasO 4.90 2.76

KiO 2.20 0.82

Ti02 1-79 1.10

HsO-l- 0.22 0.45

H2O- 0.71 —
MnO 0.16

P2O6 0.16

(1) Basaltic cinder from Red Cinder Mountain. Inyo County. California. Analysis by Trip-

plet and Barton. Inc. (Norman and Stewart. 1951. p 111).

(2) Basalt, average of 56 analyses, cited after Nockolds, 1954, p. 1021.

In general the cinders are loosely consolidated, dark
reddish-brown in color, and range from i inch to 6

inches in diameter (fig. 89). Volcanic bombs are local

constituents and large lumps of agglutinated cinders can
be found (fig. 90). The latter ordinarily are broken up
during the mining and screening.

Actual thickness of the cinders in the mine areas is

not known although cinders have been mined to a depth
of about 50 feet. Overburden is thin and consists essen-

tially of loose cindery soil.

Much of the land that contains the volcanic cinders

was withdrawn from entry for any minerals by Execu-
tive Order No. 6206, July 16, 1933, which was issued to

protect the water supply of the Los Angeles metropolitan
water district. However, Public I and Order No. 499,

effective September 15, 1948, modified order 6206 to

permit location and entries for non-metallic minerals
only in the following listed lands (Norman and Stewart,

1951, p. Ill) : sees. 18, 19, T. 21 S., R. 38 E., M. D. M.

;

Si sec. 30, T. 22 S., R. 38 E., M. D. M. ; N^ sec. 31, T.

22 S., R. 38 E., M. D. M.

On September 15, 1948, all of the open portions of

sees. 30 and 31 were staked by C. D. Ray and Associates,

1932 East Maple, Glendale, California" Lafayette Mor-
rison and Associates, 228 9th Street, Huntington Beach,
California, and George Rouff and Henry B. Jarvis,

liittle Lake, California. The land was leased one-half to

George Rouft' and one-half to Henrj- B. Jarvis for .sep-

arate operations.

EcdlUe Aggregates, Ineorporated. Ownership: A
subsidiary of Pioneer Pyrophyllite Company, Chula
Vista, California, Ferrar Mathews and Dorothy Benner,
3032 Motor Avenue, Los Angeles, California ; leased

from George Rouff.

Dark reddish-brown volcanic cinders are mined by
Redlite Aggregates, Incorporated, in a (juarry (fig. 91)

low on the south slope of Red Cinder Mountain, and
hauled to the screening plant on the west side of U. S.

Highway 395. The plant is on right-of-way land leased

from the Southern Pacific Company.

The quarry in 1954 measured about 500 feet long, 300

feet wide, and 12 feet deep. Mine-run cinders are dumped
on a 4-inch steel rail grizzly and into a 150-ton steel

bin; oversize material consisting of volcanic bombs and

firmly agglutinated cinders is rejected. The discharge

from the steel bin passes by way of a 24-inch belt con-

veyor over a truck loading pit, discharges onto a second

conveyor belt which is reversible, and feeds either to a

closed circuit of screens and roll crusher or back into

trucks at the loading pit (fig. 93). The following sizes

are produced and stored in steel bins : ^ inch to pan, ^/^ e

to \ inch, and f to -y, ,, inch. Plus f-inch material is

either put through a roll crusher or stockpiled as aggre-

gate for monolitliic uses (Norman and Stewart, 1951,

p. 112).

Cinder mining started on the property leased to Red-

lite Aggregates, Inc., in the late 1940 's and has been

more or less continuous since that time. The plant, which

was opened .shortly following the start of mining opera-

tions, has a discharge capacity of 50 tons per hour for

block aggregate and 75 tons per hour for monolithic

aggregate.
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The voli'Hiiit' ciiulcrs i)r(>(liic('d from this deposit are

tnarkcted in southern C'alit'oi-iiia and used primarily as

ag;p:regate in concrete.

Volcanic Cinder Company. Ownership: Henry B.

Jarvis, P. (). Box 5, Little Lake, California.

Volcanic cinders are mined by the Volcanic Cinder

Comiiany from a ((uarry (fig. 88) low on the south slope

of Red Cinder Mountain, near the (|uarry of the Redlite

Agrj^regrates, Inc.

The quarry is somewhat irrejiular in shape, but in

1954 measured about 500 feet lonw, 200 feet wide, and 30

feet deep. A Cater]iillar tractor with bulldozer is used

to mine and push the cinders to a sereenin<r plant

(fig:. 92) located only a short distance. The cinders are

pushed over a 3-inch grizzly, and the undersize is car-

ried on a belt conveyor to a J-inch grizzly. The oversize

from these grizzlies is rejected, whereas the undersize

material passes through a circuit containing screens and
a roll crusher. Only one size of material is produced,
minus %,-, inch, for block aggregate which is stored in

a 150-ton loading bin and in the nearby storage yard.

Volcanic cinder mining operations started on property
leased to the Volcanic Cintler Company late in the 1940 's

and has been continuous up to date. The screening plant

was put into operation shortly following the opening of

the quarry. The cinders are shipped to markets in

southern California and used in the manufacture of con-

crete building blocks and monolithic concrete.

Trucks are loaded directly under the bin. The plant

has a discharge capacity of 150 tons per 8-hour day, and
the cinders are .shipped either by truck or rail. Rail

loading facilities are at Little Lake.

Splane Cinder Deposit. Location : south I see. 20, T.

22 S., R. 38 E., M. D. M., about 4 miles nor"th of Little

Lake, Inyo County. Ownership : Paul R. Splane, 13539
Hart, Van Nuys, California, has made application to

patent the property which consists of a quarter section.

The deposit consists of basaltic volcanic cinders that

form a volcanic cone which is about 2500 feet in diameter
at the base and about 180 feet high. The volcanic cinders

are loosely consolidated, angular, and range from 1 to 4
inches in diameter. They have a wide range of color

from orange-red to black.

The cinders are mined from a fan-shaped quarry on
the north side of the cinder cone which, in June 1955,

measured about 800 feet in a north-south dii-ection and
about 300 feet in maximum width (figs. 94, 95). There is

no overburden on the flanks of the cone where quarrying
is being done, but on the top of the cone a thin veneer of

cindery soil covers the cinders.

A bulldozer is used to push the cinders downhill into

the grizzlj' hopper at the plant, adjacent to the quarry.

The main unit of the mill is an electrically powered
Pioneer portable mill, containing a 10 by 36-inch jaw
crusher, a 20 by 32-inch roll crusher, and a 4 by 12-foot

double-deck Overstrom vibrating screen. Two double-

deck 3- by 12-foot Overstrom vibrating screens atop the

storage bin separate fines from the finished jiroduct. The
flow sheet for producing cinder block aggregate is as

follows : Pit material is pushed through 8-inch grizzly

openings by the bulldozer, and is conveyed by belt to the

screen which has 3-inch and ,%-inch sieves. Material

larger than 3 inches goes to the jaw crusher set at I5 to

2-inch opening and returned to the screen. Material
between 3 and /\y-inch goes to the roll crusher set at
about j\-inch openings and is returned to the screen.

Material smaller than ,';;-inch is conveyed to the storage
bunkers. The screens at the bunkers have |-inch sieves

on the top deck, and 12-mesh on the lower deck. The
material larger than \ inch (but with f^ inch upper size

limit) is binned separately from the grade between ^
inch and 12 mesh, but the two size grades are blended
for use as cinder block aggregates. Material smaller than
12 mesh is stockjiiled separately although the strong
desert winds commonly blow much of the finer sizes

away.
The plant has a nominal capacity of 60 tons per hour

aiul was operating at capacity in June 1955.
The plant turns out aggregate for concrete, roofing

granules, and finely ground cinders for agriculture
admixture. Most of the ciiulers are used however in con-
crete. The roofing granules, for use in built-uj) asphalt-
based roofs, range from J inch to | inch in size. This
material weighs about 41 pounds per cubic foot. "Shad-
dow rock" from -{"j; inch to as large as 2^ or 3 inches has
been produced in minor quantities. Roof granules are
sold in bulk in truckload lots; some are later sacked by
distributors for sale. Most of the granules have been
used in the Los Angeles and San Bernardino industrial
areas but have been marketed as far awaj' as Fresno and
San Diego.

All material smaller than 12 mesh is sold for agricul-

ture admixture where it is used as a soil conditioner. Its

action is to hold the soil and keep it friable; little or no
nutritive value is claimed.

The Splane deposit was opened up in the latter part

of 1954 and has been in continuous operation since Jan-
uarj' 1955.

El Paso Mountains Area

The El Paso iMountains area is in eastern Kern
County, about 30 miles south of the Coso Range area.

Both pumice and pumicite have been mined in consider-

able (|uantities in this area from tuffs of the Ricardo
(Pliocene) formation.

The Pliocene Ricardo formation is well exposed in

the El Paso Mountains and consi.sts of a series of conti-

nental and lacustrine sedimentary rocks containing tuffs

aiul lava flows. The formation has a maximum thickness

of 7000 feet, strikes northeastward, and dips northwest-

ward about 18 degrees.

The pumice, although formerly mined for abrasive

purposes, is now being mined as a source of aggregate

and filler and comes from a laj'er of pumice of lapilli

tuff. The lapilli tufP located near the base of the Ricardo
formation has an exposed thickness of 50 feet and can be

traced along its outcrop for at least 7 miles. Because
of the lack of bedding and sorting and the presence of

large blocks of lava, the tuff is considered to be subaerial

in origin, perhaps nuee ardente. The pumice lapilli tuff

grades upward into a well-bedded, sandy tuff of sub-

aipieous origin. This seiiuence of pyroclastic rocks is

overlain by a flow of basalt and andesite flow-breccia,

and underlain by a laver of gravel composed of granitic

pebbles (Dibblee, 1952, p. 27).

Pumicite (volcanic ash), locally referred to as "seis-

motite." of commercial quality was produced from tuff

layers located near the base and middle of the Ricardo



(18 California Division op Mines [Bull. 174

t'liriiiation in Last ('haii(.'c Canyun (fi^'. 90). The most
extensive deposit of piiniii-ile. however, occurs near the

middle of the Ricardo formation which also includes

beds of bentonite, sandstone, consrlomerate, tutfaceous

sediment.s and chert (fig'. OO). The pumicite occurs in

six separate layers, of which the most extensive has a

maximum thickness of 9 feet and is traceable alon" its

outcrop for about 7 miles. The pumicite is white, fine-

grained, and consists essentially of small, angular grlass

.shards. It is well bedded and subaqueous in origin.

Pumice Deposits

Black Mountain Pumice Deposit. Tjocation : sec. 5, T.

29 S., R. 38 E., and sees. 31 and 32, T. 28 S., R. 38 E.,

M. D. M., on the southwest slope of Black Mountain
north of Holly Camp. Ownership: Property consists of

a grouj) of jilacer claims owned by R. L. Meuer and
Delia Gei-bracht, Randsburg, California.

A layer of pumice lapilli tuff, which underlies much of

this property, occurs near the base of the Ricardo forma-

tion and is about 50 feet thick, dips 20° W., ami has been

exposed in several small pits from which only a few
cubic yards of pumice have been (piarried. The property

has been idle since 1950.

Opal Mountain Deposit. Location: sec. 4, T. 29 S.,

R. 38 E., M. D. M., north of Last Chance Canyon, about

7 miles north of Saltdale, California. Ownership: Prop-

erty consists of 160 acres owned by R. L. Meuer and
Delia Gerbracht, Randsburg, California.

Much of the property is underlain by a layer of pum-
ice lapilli tuff which is about 30 feet thick. The tuff is

moderatel}' consolidated and re;piires some blasting in

order to facilitate mining. The pumice fragments are

grayish-white in color, angular in shape, and range from

^ inch to 2 inches in diameter. The property which was
idle in 1955 was opened up during the middle 1940's and
the total output of pumice was limited to a few tons.

Calsilco Corporation Deposit. Location: sec. 33, T. 28

S., R. 38 E., and sec. 4, T. 29 S., R. 38 E., M. D. M., just

north of Last Chance Canyon, about 7 miles north of

Saltdale. Ownership : Calsilco Corjioration, George Rey-
nolds, president, and H. A. Richardson, vice-president

and manager, 2372 South Atlantic Boulevard, Los An-
geles 22, California.

Most of the pumice for aggregate purposes that has

been produced in the El Paso Mountains area has been

obtained from this deposit. It now yields pumice which

is ground and used for abrasive and filler purposes.

The pumice is produced from a 20-foot layer of con-

solidated pumice lapilli tuff which dips 20° W. The pum-
ice fragments are white, angular, and range from ^-inch

to f-inch in diameter, and are firmly held in a white

matrix of pumicite (volcanic ash) and small grains of

glassy quartz and white feldspar. Near the top of the

layer are numerous small, angular fragments of brown-

ish-black andesite.

The pumice is mined from an open pit which in 1955

measured about 1600 feet long, 30 feet wide, and 15 feet

deep (fig. 97). Blasting is required to break down the

tuff which is then loaded into trucks by a f-cubic yard
shovel. At the plant (fig. 98) located near the quarry,

the tuff is passed through a closed circuit containing

a hammer mill, a Williams roller mill, a f-inch screen,

and cyclone collectors. The finished products are aggre-

gate pumice for insulating and acoustical plaster and
ground pumice for cleansing compounds, wood filler,

jiaint, and tooth powder (Tucker, et al., 1949, p. 250).

Pumicite (Volcanic Ash or "Seismotite") Deposits

Ciidahy Packitig Compami Deposit. Location: sees. 5

and 8, T. 29 S., R. 38 E., M. D. M., on the west side of

Ijast Chance Canyon, about 6 miles north of Saltdale.

Ownership: Cudahy Packing Company, Los Angeles,

California.

The Cudahy Company mined pumicite from layers of

tuff near the middle of the Pliocene Ricardo formation.

The pumicite layer is one of six pumicite layers that

crop out near the top of a steep east slope of a north-

easterly trending ridge made up principally of rocks of

the Ricardo formation (fig. 96). The pumicite layers dip

about 20 degrees westward and are interbedded with

siliceous lacustrine sedimentary rocks which locally con-

tain small bodies of bentonite. The pumicite layers range
in thickness from a few feet to 9 feet, are thinly bedded,
and crop out over a distance of 7 miles. The ]uunicite

is white, fine-grained, compact, and consists essentially

of small, angular, flat glass shards of rhyolitic

composition.

The ])umicite was mined from a 9-foot layer by under-
ground methods. The room and pillar mining method
was used and the pumicite was removed through several

underground entries.

Following a primary crushing opei'ation at the mine,

the pumicite was hauled 8 miles to a processing plant

near Saltdale, a siding on the Owenyo branch of the

Southern Pacific Railroad, where it was made ready for

shipment to plants manufacturing Old Dutch Cleanser.

However, after nearly 25 years of continuous opera-

tion, from 1923 to 1947, the Cudahy property was shut

down. Many thousands of tons of pumicite were pro-

duced during this period of operation, but the encroach-
ment of silica flour in the cleanser field and the demand
for sources of raw materials nearer the manufacturing
centers are probably factors which directly or indirectly

brought about the shut-down of pumicite mining at the

Cudahy properties in the El Paso Mountains area.

Shoshone Volcanic Ash (Pumicite) Deposit. Loca-
tion: sees. 30 and 31, T. 22 N., R. 7 E., M. D. M., about
one-quarter mile southwest of Shoshone, California. Own-
ership : C'harles Brown, Shoshone, California, owns 480
acres which are leased to Western Talc Company, F. H.
Savell, president, 1901 B. Slauson Avenue, Los Angeles,

California (Norman and Stewart, 1951, p. 109).

A few hundred yards southeast of the settlement of

Shoshone are some low terraced hills underlain mostly

by nearly horizontal lacustrine sedimentary rocks of

Quaternary age. A layer of grayish-white pumicite (vol-

canic ash) that averages about 12 feet in thickness forms

a prominent unit in these beds. The pumicite layer

(fig. 100) is flat-lying, and is overlain and underlain

by sands and gravels which, locally, are cemented with
siliceous material. The overburden is as much as 12 feet

thick.

The pumicite layer (fig. 100) is thinly bedded with the

beds ranging in thickness from Y^q inch to 4 inches. The
pumicite is grayish-white in color and consists almost
wholly of small, flat glass shards of rhyolitic composi-

tion.
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ice deposits: (1) Lucky Lager, (2)
^,J from pumice tuff layers (T) inter-

yroclastic and sedimentary rocks rests

/•«

t
^-> > -J -

FiGiKK, fsri. L\icliy Lager pumice mine, southern Coso Range, Inyo County.

Quarry face aliove tlie figure is aliout 40 feet high. Dark rock in upper left-hand

corner of the photograph is iiart of a How of hornblende andesite which overlies the

pumice, and the dark rock immediately above the pumice is consolidated talus derived

from the overlving hornblende andesite. Observer faces northeast.

3
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Figure 100. Shoshone pumicite deposit, near Shoshone, Inyo County. The pumicite
layer (P), about 10 feet thick, is overlain by a layer of buff-colored, moderately-well ce-

mented tuffaceous sand (Ts) which must be removed before the pumicite can be mined.
Observer faces northwest. Photograph by L. A. Wright.

Ficl'RE 1(11. Pumice breccia as exposed in the quarry of tlie SuinTlitr I'.iiildi'rs Supply

Company's pumice deposit. Imperial County. The pumice fraRmeuts are angular to sub-

rounded in shape, gra.\ish-white in color, and rant;e in size from 1/10-inch to 5 inches.

Just above the i)ick tlie pumice is admixed with dark colored sands and gravels. Scale is

indicated by the pick handle which is 12 inches long.
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4 V?f'^^^^J

Figure 102. Tuffaceoiis sand and gravel that overlie the pumice breccia at the Su-
perlite Builders Supply Compaii.v's pumice deposit, Imperial County. Scale is indicated

by the pick handle which is 12 inches long.

Figure 103. Screening plant, Superlite Builders Supply Company, Imperial County.
Here the pumice from the nearby quarries is screened and made ready for trucking to a
block plant at Calipatria, Imperial County. Observer faces northeast.

s
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Figure 104. Block plant. Superlite Builders Suppl.v Compan.v. ("alipatria. Imperial

County. Various sizes and shapes of pumice concrete blocks are manufactured at this

plant. The pumice aggregate and Portland cement are stored in the silos, and the blocks

are made in automatically controlled machines. Observer faces southeast.

Figure lOo. Quarry of the Williams Brothers pumice deposit, San Bernardino

County. The quarry face is about 20 feet high, and there is exposetl in it and the hillside

behind the following sequence of volcanic and pyroclastic rocks: Rhyolite (Rl grading

downward into perlite (Pi which rests upon tuffaceous perlite breccia (B). Below the

rhyolite and perlite there is a thick succession of tuffs and tuffaceous sedimentary rocks.

The massive tuff (T) is the principal source of the pumice at this quarry. Observer

faces north.
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Figure IOC. Pumice processing plant at the Williams Brothers pumice deposit, San
Hernardino Count.v. Observer faces northwest.

FiGi'RK 107. View of volcanic cinder ((uarry on west slope of Mt. Pisj;ah, San Bernar-
dino Count.v. Flow in forejironnd is roji.v or pahoehoe basalt. Observer faces east. Photog-
raphy by Uichard M. Stewart.
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After the overburden is reiiiDved by bulldozer and few tons. The demand for an abrasive which remains

scrapers, the puniicite is loaded into '20-toii trucks with white when wet apparently has been one of the major

a Caterpillar elevator loader and hauled to Western Talc factors ett'ectin^ the chanfre from pumicite to silica flour.

Company's grinding plant at Dunn, a siding on the
Mojave Desert and Colorado Desert

Partial section of sedimentary rocks exposed in pumicite Quany at Tile .Mojavc D.'scrt and Colorado Desert region ill-

Shoshone, Inyo County. California. eludes a large part of southeastern California. It is

Thickness bounded on the east bv Nevada and Arizona, on the
inf^e' Description

^^^^.^^ y^^. ^^^ y^^^j,^ Ranges region, on the west by
Surface, top of section {)^P Transverse and Peninsular Ranges region, and on the

4-6 Siltstone, clayey, siliceous, calcareous, tliin-hedded, south by Jlexico.

light-gray. It is a desert region characterized by many mountain

2 Siltstone, greenish-gray, tuffaceuus and conglomeratic ranges separated by broad expanses of desert plains. The
in part. Angular and ro\iuded fragments of andesite, dejiosits of jiumice, luimicite. and volcanic cinders are
gray limestone, pink quartzite, and grains of quartz. iouud in the volcanic rocks, principallv in those places
feldspar, and b.otite.

^^.j^^^^ ^^^^,^ ^^^ ^j^j^.j^ accumulations of pyroclastic rocks.
3-4 Siltstone, dull gray, more conglomerate than above. rpj^^

(deposits of pumice and pumicite in the Mojave
4 Siltstone, gray, slightly crossbedded. Lower part is Desert and Colorado Desert region occur in tuffs of sub-

sandy and buff colored. Separated from underlying aciueous origin. The Volcanic cinders are mined from late
pumicite laver bv slight erosional unconformity. r\ . • i i • i „ u.,;it ,,.^ i,,. K. ..u;..' >^

ic ...
.

e, Qtiaternary cuider cones which were built nji by basaltic
10-12 Pumicite, grayish-xvhite to dead-white in color, very eruptions around central Vents

fine-grained and well-bedded. Bottom 10-12 inches of ^j . ^^ -^^^ „,^, jjp ^^o,,^ ^g ,,,5,^^ northwest
pumicite are hrmlv compacted and brecciated. Slight „ t-. • 1 • 1 •

i- 1 j c j.i.

erosional unconformity between pumicite and under- of BarstOW Occur 111 a thick series of VOlcaUlC rocks ot the

lying la.ver. Calico (Miocene) formation (Dibblee, 1952) and rest

li-2 Siltstone. light-gray, fine-grained, thin bedded, sandy "pon deeply-eroded Mesozoic granite. The volcanic rocks,

in part, limy at base, t'pper i-j inch is very limy. which Consist mostly of tuffs and rhvolite flows, strike

lJ-2 Congromerate, loosely consolidated, sandy at top; con- northwest and dip moderately to the southwest.

sists of rounded to angular fragments of gray lime- A typical section of the Volcanic rocks is exposed Oil a

stone, pink rhyoiite, brown basalt, and gray andesite. s'eep hillside a few hundred feet east of the Williams

1 Sandstone, well compacted, dark-gray, limy in part. Brothers pumice (piarrv which is located about 18 miles

2 Conglomerate, sandy, firmly consolidated ; consists of northwest of BarstOW.

rounded and s\ib-rouiided fragments of blue-gray

limestone, pink rhyoiite. and gray granite. flection of volnniir rorks of the Ciliro formntiou at ^Villiams

lirothrrx iiiiuny, N(i» lientnnlino County. Colifoniia.
Base of exposure „„ . ,Thickness

TT • T^ w Ti , , . . . 1 ... in feet I>e.-scription

I nion Pacinc Railroad. At the plant the pumicite is Ton of .section

either loaded directlv into railroad cars, or dried, inilver- .,. _, ... , .... ... .„i, ,„„,;,„<, ,.,„„:„„ :„ ,i:
, . • , . . ' 2.1 Rhvolite, .spherulitic, with spherulites lauging in ai-

ized, and bagged tor shipment to manutactunng plants. ameter from i inch to 4 inches: purpli.sh in color.

. , , , , ,. ,-i • •, , 1 I. I I.- 1.
40 I'erlite, massive, dark-gray to grayish-gieen, onion-skin

Che„ncal analyses of t,ro aUfonuo „„„,uxtcs ( ,olro„„- ash I uhwh
splinterv fracture; mottled black and brown at

have been used eJteiisirely in the iiiaiiufacturc of scoiiriufi soaps. ,

ba.se.
(1) (2)

„ „„ .., _., ^^„ 1.5 Perlite breccia grading upward into massive perlite.
SiOs t)8.4.5 il.S!)

AUOj 12.94 14.69 10 Perlite. pumiceous, pink to gray in color.

FesOj 1-22 ndt 40-4."> Perlite breccia, pumiceous, grayish in color; fragments
FeO range in size from one inch to one foot.

M"0 O''"' 33 ""^ '^"^^ crvstal-Iithic-vitric; thin-beilded, grayish-white in

t.'J-, .)'jg 3''jji color, angular perlite. rhyoiite. and granite frag-

,,' „ H'gQ ^'mg meiits average one inch in dianietcT ; sandy in thin

h',0 rtotafr'IIIIIIIIIIIIIIIIIIlIII""- 9>1 4^86 '"-fl^^-

CO2 0.31 0.11 10 Tuff breccia, mostly light to dark-gray, angular perlite

CU 0.47 0.06 fragments to one foot in diameter set in fine pnniice

(1) Shoshone rumicite. .Analysis by Pacific Coa.^l BoraN Co. matrix.

C!) rudahy Pumicite. Las, Chance Canyon. Kern Omnty; ..nalysLs by Paciflc Coast Borax
^^, ,^,^^^ ,l,in-bed.led. .saiuly an.l contains cnsi-lerable

granite and jierlite fragments. (Jray in color.

The Shoshone pumicite dejiosit was in operation as I.'.-IS Tuff, thin-bedded, sandy in upper two-thirds and cou-

earlv as 1920 (Tucker, 1920, p. 297). The pumicite then siderable pumice in b.wor one-third; gray in color.

wasVeferred to as silica, and u^ed f.n- filtering and puri- ^=""l>- ^"'"-^^ •''"' ^igh m sii.ca san.l.

fving oils at petroleum refineries on the West Coast. 3 Tuff, well consolidated, well-bedded; grayish-wh.te:

Durfng the mid-1920 "s there was a chancre in the use of
""'"'^- f----'^^^ "'"-- '" -- f^-'">

^
'"''^ '» '-

"'''^

the pumicite from a filtering agent to an abrasive. ^-^^ Tuff moderately consolidated, well-bedded, grayish-

, . .' ''^-^^ " .'^'^. ,, ,j white; angular pumice fragments range in size from
Mining operations have been intermittent and depended j i,,,^,!, ,^ j ,,^^.^^

largely upon the demand for this type of pumicite.
^ Tuff. hard, well consolidated but not welded; consider-

During the latter part of the 1940 's the average monthly ,,i,ie ,.^,pi; fragments and silica sand.

output of pumicite was about 170 tons. In the early 3^3- Xuff. pumicc-lapilli. loosely consolidated; white pumice

1950 "s, however, mining of pumicite tajjered off tremen- fragments range in size from i inch to 5 inch. Pum-

dously and the annual production now amounts to just a ice fragments coarsen upwards.

FREE PUBLiC
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The pumice deposits along the southern shore of Salton

Sea are localized around Obsidian Butte, a low mound
which rises some 75 feet above a flat soil covered plain.

Obsidian Butte actually is a low volcanic dome of vesicu-

lated obsidian which has been covered incompletely by
sands and gravels derived in part from the dome itself

and in part from debris washed in by the waves and cur-

rents of Salton Sea whose waters once nearly covered the

butte.

The pumice deposits are mostly subaqueous in origin.

Volcanic activity started with an eruption of pumice

which built up a low mound that was later intruded by
the dome of vesiculated obsidian. Action of the waves of

the prehistoric Salton Sea eroded the dome .slightly and

deposited on its flanks outward dipping beds consisting

of well-rounded sands and gravels containing various

proportions of pumice and obsidian.

The pumice fragments, which actually constitute no

more than 40 percent of the surficial material, range

from i inch to 10 inches in diameter. The larger pieces

of pumice are rare, and the average fragment is about

one inch in diameter. The remaining part of the surficial

material consists of sands and gravels. Quartz, feldspar,

pumice, and obsidian comprise the sand and pumice and
obsidian constitute the clasts in the gravels.

Volcanic cinders have been produced from two cinder

cones in the Mojave Desert and Colorado Desert region,

and several undeveloped cinder cones exist in this re-

gion. Mt. Pisgah and Dish Hill, prominent landmarks

in this part of California, are the late Quaternary cinder

cones from which most of these cinders have been mined.

Dish Hill is breached on its west side, whereas Mt. Pisgah

stands as a symmetrical cone above a gently sloping

apron of rough lava flows and collapsed lava tubes.

Pumice Deposits

Superlite Builders Supply Company Pumice Deposit.

Location : sec. 32, T. 11 S., R. 13 E., S. B. M., on the east

side of Obsidian Butte, about 9^ miles northwest of Cali-

patria. Imperial County, California. Ownership: Impe-

rial Irrigation District ; leased to Superlite Builders

Supply Company, Paul Thomas, president, 3800 N. Cen-

tral Avenue, Phoenix, Arizona; 0. K. Barnhill, plant

Partial section of tuffaceous conglomerate and overlying beds of

sands and grai^els at the quarry of the Superlite Corporation

pumice deposit. Imperial County, California

Thickness
in feet Description

Top of section

10-15 Sands and gravels, well-bedded ; fragments in gravels

are sub-rounded and range in size from i inch to

5 inches in diameter. An occasional large angular

block as much as 2 feet in diameter is present. Sand.v

la.vers less common and contain angular and sub-

rounded grains of quartz, feldspar, obsidian, and
pumice, range in size from silt to i inch in diameter.

5-10 Pumice conglomerate, composed largely of sub-rounded

and angular pumice fragments and substantial

amounts of sand and gravel, especiall.v in upper

part. Pumice fragments are silvery-gray and range

in size from i inch to 5 inches in diameter. The
sand is light red in color.

10 Pumice breccia, composed essentially of angular frag-

ments of pumice and minor amounts of silica sand.

Pumice fragments are silvery-gray in color and range

in size from impalpable dust to 6 inches in diameter.

Bottom not observed.

ntanager, Calipatria, California. Formerly held by Brand
and Stevens (Tucker, 1920, p. 270).

The Superlite Builders Supply Company mines pumice
from pumice conglomerates on the northeast part of

Obsidian Butte. The conglomerate dips about 20 degrees

east and lies unconformably up the wave-eroded pumi-
eeous obsidian of Obsidian Butte. A partial section of

the pumice (fig. 102) conglomerate and overlying sand
and gravel beds is well exposed at the quarry.

The material in all three zones in the section measured
is loosely consolidated. As the .sands and gravels overlie

the pumice conglomerate and breccia, the pumice is

commonly contaminated during mining operations. The
pumice in the breccia (fig. 101) is very porous and
coarsely vesicular, whereas that in the conglomerate is

less porous and only moderately vesiculated. Most of the

pumice produced in this area has been obtained from
the pumice conglomerate (fig. 102).

The pumice is mined from irregular shaped open pits,

the largest of which has a face about 250 feet long and
20 feet high. Pumice is trticked from the pits to a ramp
on which there is a grizzly with 5-inch openings. The
plus 5-inch material is discarded and the minus 5-inch

passes into a steel bin below and, by waj' of a belt con-

veyor, onto two shaking screens, 1 inch and ^ inch. The
minus ^-inch material, consisting largely of red silica

sand, is discarded and the plus i-inch material is fed by
conveyor to a light rod grizzly. The plus one-inch mate-
rial passes through a jaw crusher and combines with the

fines from the light rod grizzly. These combined sizes

pass via conveyor (fig. 103) to a double deck, 4 by 10

feet Allis Chalmers screen with openings at f inch and
^ inch. The material passing through these screens is

largel.v silica sand and is discarded. The oversize from
the f-inch screen passes through a set of rolls ad.iusted to

crush to i inch. The final prodvict is all plus ^ inch and
minus 5 inch and is used as aggregate in concrete blocks.

Pumice mining at Obsidian Butte was started around
1918 and by 1926 three operations, Brand and Stevens,

California Pumice, and When-Miller-TTnderwood were
producing pumice for abrasive and aggregate uses. From
1930 to 1935 the deposits were owned and operated by
the Kalite Company, Los Angeles, California (Sampson
and Tucker, 1942, "p. 138). In 1935 the deposits were
acqtiired by Chamberlain Company, Los Angeles, which
operated the Obsidian Butte pumice deposits from 1935

until 1938. For almost 10 years pumice mining at Ob-

sidian Butte was at a standstill, but early in 1949 the

deposits were leased by the Superlite Corporation from
the Imperial Irrigation District and were put back into

operation. Since 1949 the Superlite Corporation has pro-

duced several hundreds of thousands of tons of pumice.

The pumice is trucked to block plants in Calipatria.

California (fig. 104), and Phoenix, Arizona, where sev-

eral different concrete products are manufactured.

Williams Brothers Pumice. Location: sees. 7, 8, 17,

and 18, T. 32 S., R. 46 E., M. D. M., 5 miles east of Opal

Mountain and about 18 miles northeast of Hinkley, a

siding on the Santa Fe Railroad. Ownership : F. M.
Williams, Star Route, Barstow, California, owns two

claims and leases 80 acres from the Southern Pacific

Railroad (Wright, et al., 1953, p. 190).

The Williams Brothers quarry is on the south side of

a hill which rises several hundred feet above a south-

Za
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sloping plain (fig. 105). Since 1947 it has yielded several

thon.sand tons of pumice for use as aggregate in building

blocks, plaster, and mortar. The area is underlain prin-

cipally by Tertiary lavas and tutfs that rest upon deeply

eroded Mesozoie granite. This series of volcanic rocks

strikes northwest and dips soiithwe.st. The tuffaceous part

of the section is at least 110 feet thick and includes sev-

eral thin zones of pumicite as well as 10- to 20-foot beds

of pumice tuff breccia. Most of the pumice has been

rained from the lower part of the section where the

tuff consists largely of loo.sely consolidated, angular

pumice fragments ranging from J inch to f inch in

diameter in a matrix of white pumicite (fig. 105).

Mining is by open pit from a pit which in 1955 had
a face about 200 feet long and 40 feet high. A bulldozer

is used to mine the pumice and push it to a screening

plant. Blasting is used occasionally to break down the

more consolidated portions of the tuff. At the screening

plant (fig. 106) a trommel is used to produce two sizes,

one ranging from i inch to %-2 i'l^h in diameter, the

other less than 3,^o"inch (\Yright, et al., 1953, p. 190).

Property has been worked intermittently since 1952.

Pumicite Deposits

Santa Fe Railiray Pumicite. Location: sec. 13. T. 5

X., R. 15 E., S. B. M., about 3.5 miles southeast of Siam,
a siding ou the Santa Fe Railroad. Ownership : Eight
placer claims are owned by the Santa Fe Railroad.

In this area there is exposed a Tertiary ( ?) tuff over-

lain by flows of black basalt. The tuff is about 50 feet

thick, dips gently toward the west, and appears to con-

sist of alternating beds of pumicite. of which some are

coarser than others. The best pumicite layer is about 8

feet thick and lies near the bottom of the tuff (Wright,

et al., 1953, p. 189).

Volcanic Cinder Deposits

Dish Hill Volcanic Cinders. Location: see. 16, T. 6

N., R. 10 E., S. B. M.. on Dish Hill, near the Santa Fe
Railroad at the old siding of Trojan between Siberia

and Bagdad. Ownership : State of California owns sec-

tion 16 as school land and has leased 160 acres to the

Velvatone Stucco Products Company, 2066 Hyde Park
Boulevard. Los Angeles, California.

Dish Hill is a breached volcanic cinder cone, about 500
feet high, which rests on granitic rocks. It probably was
built up during late Quaternary time when several other

volcanic cones in this region, such as Mt. Pisgah and
Amboy Crater, were formed. The Dish Hill cone is com-
posed of basaltic cinders which are scoriaceous and dark-

red to black in color.

Blasting is required to break down the quarry face

and the broken rock is fed by bulldozer into a conveying,

crushing and screening system. Coarse aggregate is pro-

duced in two sizes, minus 1-inch plus f-inch and minus
f-inch and plus -pg-inch. The minus pg-inch material is

further screened to a plus and minus 30-mesh fraction

for plaster and stucco sand (Wright, et al., 1953, p. 187).

Mt. Pisgah Volcanic Cinders. Location: sec. 32, T.

8 X.. R. 6 E.. S. B. M.. about 12 miles west from Ludlow
and 2 miles south of Pi.sgah. a siding on the Santa Fe
Railroad. Ownership : Harry F. Heather. 2365 Oak Knoll
Avenue, Pasadena, California (one-half interest), Oscar
Hoerner, 5211 Delaware Avenue. Los Angeles, California

(one-quarter interest), and Fred A. Wilson, San Ber-

nardino, California (one-quarter interest), own two 160-

acre claims.

Volcanic cinders have been mined sporadically from
Mt. Pisgah cone, and the Lava-Lite Company, operated

by A. R. liallie in 1948, produced cinders for aggregate

purposes.

Mt. Pisgah (fig. 107) is a cinder cone which rises some
300 feet above the surrounding lava-covered desert. The
cone is composed essentially of ba.saltic cinders and
minor proportions of volcanic bombs. The cinders are

scoriaceous, black to reddish-black in color, and range

from i inch to 4 inches in diameter.

After the cinder cone formed about a central vent,

lava flows issued forth from near the base of the cone

and spread out for many square miles covering the

desert floor with frozen braided lava flows and collapsed

lava tubes.

Cinder mining has been limited to the west side of

the cone. A scraper operating downslope removed the

cinders from a narrow trench-like gash on the cone and
deposited them at a stockpile from which they were
pushed by bulldozer to a screening plant which is now
dismantled. Several sizes of cinders were produced and
.stockpiled near the plant. The property was idle in 1955.

Transverse Ranges-Peninsular Ranges

This region lies along the coast of southern California

and extends from the Santa Ynez River in Santa Bar-

bara County southea.stward to the Mexican border. It is

bounded on the northeast and ea.st by the iIo.iave Desert-

Colorado Desert region. The Transverse Ranges-Penin-

sular Ranges region includes nearly all of San Diego and
Orange counties and large parts of Ventura, Los An-
geles, and Riverside counties. It encompas.ses a great

number of mountain ranges separated by longitudinal

valleys. The various rocks, which range in age from pre-

Cretaceous igneous and metamorphic rocks to late Ter-

tiary sedimentary rocks, have been folded and later

faulted by prominent faults who.se trends parallel the

northwesterly and westerly directions of the ranges.

Areas underlain by Tertiary and Quaternary volcanic

rocks, especially tuffs and tuffaceous sedimentary rocks,

are confined to small isolated patches of white and red

tuffs near Jacumba, San Diego County (Brooks and
Roberts, 1954) ; to lava flows and tuffs of the Glendora
volcanic rocks (Shelton, 1955, p. 45) exposed in the foot-

hills of the San Gabriel iSIountains near Glendora and
Pomona, Los Angeles County ; basalt flows, breccias, and
tuffs in the Santa Monica Mountains. Los Angeles

County (Xeuerburg. 1953. p. 15) ; and tuffs, tuffaceous

sedimentary rocks and lava flows in Bouquet and Sand
Canyons (Kew, 1924, p. 53; Jahns, 1940, p. 155-156; and
Wallace, 1940), Lt)S Angeles County
The tuffs and tuffaceous sedimentary rocks in the

Bouquet and Sand Canyon area have been mined for

roofing granules and chinchilla dust. Pumice and vol-

canic cinders for aggregate purposes are shipped into

the Transverse Range-Peninsular Range region from

deposits near Bishop and in the Coso Range.

Blue Cloud Chinchilla Dust Deposit. Location: sec.

32, T. 5 X., R. 15 W., S. B. M.. in Bouquet Canyon. Los

Angeles County, about 15 miles northeast of Saugus.

Ownership : Blue Cloud ilineral Company. W. C. Harris,

president. 519 8th Street, X'ewhall. California.
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The Blue Cloud deposit (Gay and Hoffman, 1954, p.

552) is in a stratum of slightly altered tuffaeeous sedi-

ment that lies between sandstones of the upper Miocene

Mint Canyon formation. The tuffaeeous stratum is about

6 feet thiek, strikes N. 60° W.. dips :)0° southwest, and
can be traced for about 1 mile in a northwesterly direc-

tion from Bouquet Canyon.
The tuffaeeous sediment is friable and has a blue-gray

color; such properties are favorable to its use as chin-

chilla dusting powder. The tuffaeeous sediment is mined

by open pit methods from a quarry which in 1952 had

a" face 40 feet long and 25 feet high. Blasting is required

to mine the material which is removed with crowbars

and wheelbarrow. Careful sorting is necessary to avoid

contamination with overburden.

At the mill,' which is situated at the deposit, the

material is pulverized in a roll crusher and hammer
mill passed through vibrating screens, dried and steri-

lized at 600° F. temperature in a rotating gas-fired kiln,

and packaged in 50-pound paper bags for shipment. The
screens are adjusted to maintain a desired particle size

ranging between 20- and 200-mesh in the finished

product.

The deposit has been operated since 1950 and by 1953

a production rate of about 50 tons a month was main-

tained. The local market for chinchilla dust is limited

to several chinchilla farms in San Fernando Valley. In

addition to the local market, the sacked dust is dis-

tributed throughout the Central States and to foreign

mai'kets.

Rcijnier Ranch Volcanic Ash Deposit. Location: sec.

35, T. 4 N., R. 15 W., S. B., on the west side of Sand

Canyon, opposite Iron Canyon, about 6 miles east of

Newhall, Los Angeles County, California. Ownership:

Reynier Ranch Estate, operated by F. E. Walker and

Sons, Box 277, Newhall, California (Gay and Hoffman,

1954, p. 688).

The volcanic ash on the Reynier Ranch occurs in tuff

layers several feet thick in upper Miocene beds of the

Mint Canyon formation (Wallace, 1940, p. 38). The tuff

is well indurated, light grayish-white in color, and partly

altered to clay. It dips about 30 degrees northwest and
can be followed along its southwesterly strike for about

1 mile in Sand Canyon.

Mining was done in shallow pits distributed over an

area several hundred yards long and several hundred
feet wide. A total of several thousand tons was reported

mined between 1937 and 1940, and sold to the Pioneer

Flintkote Company for use as a surfacing on asphalt

shingles and roofing (Oakeshott, 1955, p. c).
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47

Name of claim or mine

Mathieii piuiiice.

Rae-Spencer puruice deposit.

\'an Loon "Fines" pumice deposit-..

Insulating Aggregates, Inc., pumice
deposit

Sacramento Canyon pumice deposit.

Comstock pumice deposit.

Jamieson pumice deposit .

Oasis pumice deposit-

So

56

57

58

59

60

Crownite Corporation-

California-Nevada Building Mate-
rials Producers pumice deposit

Inyo Pumice Corporation.

Round Mountain pumice.

Lucky Lager pumice-

Black Mountain pumice.

Opal Mountain pumice.

Calsilco Corporation.

Ow ner (name and address)

Pumice—Continued

Matliieu Brothers. Benton Station,

California.

William Rae, Hawtliorne, Nevada...

H. A. Van Loon, Bishop, California..

Insulating Aggregates, Inc.. .\ndre\v

Boyd, owner, and operated by
L. V. Menefee, Bishop. California,

Joseph B. Smith, Laws, California

Hallie Comstock, Bishop, California.

Alexander Jamieson. Big Pine. Cali-

fornia. Leased to W. H. Frey and
associates. Los Angeles. California.

Francis E.. Patton and E. S. Longley.

Crcwnite Corporation (formerly Des-
ert Materials Corporation) , H.
Thogwell, president, 6363 Wilshire

Blvd., Lcs Angeles, California.

R. H. Thompson. Mayfair Hotel. In-

yokern, California. Leased to Cali-

fornia-Nevada Building Materials

Producers, D. B. Chester and asso-

ciates. 3723 Wilshire Blvd., Los
Angeles, California.

William J. Petty, P.O. Box 21. Inyo-

kern, California. Leased to Inyo
Pumice Corporation, N. W. Baum.
president, 11314 Luitweiler Road,
Wliittier, California.

Henry Babineau, 6204 Woodward
Avenue, Bell, California.

William J. Petty, P. O. Box 21 . Inyo-

kern. California. Leased to Henry
Babineau, 6204 Woodward .Avenue.

Bell, California

R. L. Meucr and Delia Gerbracht,

Randsburg. California.

R. L. Meuer and Delia Gerbracht,
Randsburg, California.

Calsilco Corporation, George Rey-
nolds, president, and H. A. Rich-
ardson, vice president and man-
ager, 2372 South Atlantic Blvd.,

Los Angeles 22, California.

Location

32, 33

13. 14,

21, 23,

24, 25

13

32

33

2S

2S

5S

5S

2tS

2IS

21S

29S

29S

28S

33E

34E

37E

38E

38E

B & M

M.D.

M.D.

M.D.

M.D.

M.D.

M.D.

38E

38E

38E

M.D.

M.D.

M.D.

M.D.

M.D.

Remarks and references

White pumice fragments were luined from a
pumice layer of variable thickness. Idle in

September, 1953.

Pvmiice for aggregate purposes was mined
froru an extensive layer averaging about 18
feet in thickness. Mining was by under-
ground methods. Property idle in Septem-
ber. 1953.

Pale pinkish pumice for aggregate purposes
is mined from an extensive layer of unknown
thickness and used in making building

blocks and precast slabs (Norman and
Stewart. 1951, p. 110).

Extensive layer of grayish-white pumice is

mined by open cut and the material is

ground and made into plaster aggregate.

White pumice for aggregate and abrasive

purposes was mined from a layer of un-

known thickness. Idle in September, 1953.

Pumice for aggregate purposes was mined
from a layer of variable thickness inter-

bedded with fanglomerate. Several large

quarries were opened and considerable

pumice mined. Idle in Speteniber, 1953.

Pumice for aggregate purposes was mined
from a laj'er ranging in thickness from 6 to

10 feet (Norman and Stewart, 1951, p. 109).

Layer of white pumice of unknown thickness

was prospected, but produced no pumice
(Norman and Stewart, 1951, p. 109).

Extensive layers of pumice are being mined
for aggregate pumice. Bulk of current pro-

duction coming from quarry in section 24.

(Norman and Stewart, 1951, p. 107).

White pumice for aggregate purposes was
produced from a subaqueous tuff of un-

known thickness (Norman and Stewart,

1951. p. 107).

Creamy-white pumice has been mined for

aggregate purposes from a layer of tuff

about 30 feet thick (Norman and Stewart,

1951, p. 108).

Pumice occurs in a lenslike layer of unknown
thickness in tuffs and tuffaceous sediments.

Pumice layer loosely consolidated and easily

mined (Norman and Stewart, 1951, p. 109).

Creamy-white pumice has been produced

from a tuff bed of unknown thickness and
used as aggregate in the manufacture of

building blocks (Norman and Stewart, 1951

p. 110).

Pumice lapilli tuff has been prospected for

pumice. No production (Tucker et al.,

1949, p. 249).

Consolidated pumice lapilli tuff has been pros-

pected for pumice. Limited production

(Tucker et al., 1949, p. 250).

Pumice for aggregate and abrasive uses is

being produced from a bed of pumice lapilU

tuff about 20 feet thick (Tucker et al.. 1949,

p. 250).
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INTRODUCTION

Pumice is a classic building: material that has been
used extensively for centuries in Etirope as a lightweiurht

aggregate. The Romans built the Pantheon and harbor
works on the Tiber of pumieite and burned lime ; sub-

stantial parts of German cities bombed in World "War 11

were built of pumice concrete as well as many official

buildings in Belgium and France that were constructed
of pumice concrete in the last century. However, the use
of pumicite and pumice in the I'nited States, especially

in our western states, is comparatively new.

Pumice, when used as concrete aggregate, is competi-
tive with other lightweight aggregate materials and with
conventional concrete aggregate. The use of pumice con-

crete is indicated when its additional cost is more than
justified by its properties. Those properties that are ad-

vantageously divergent from conventional concrete and
many so-called lightweight concretes include its weight,

compressive strength, elasticity, fire resistance, and
thermal conductivity.

Among the many advantages of pumice concrete are

the following:

1. Light weight for its strength, yielding a saving in foundations
and steel, also a saving in time and cost of construction.

2. Insulation value.

3. Flexural strength and resistance to shock.

4. Freexe-thaw resistance.

5. Vermin proof.

ti. Low maintenance.

7. Fireproof.

8. Xailability and sawability.

Other lightweight aggregates of commercial impor-
tance used in California are diatomite, perlite, volcanic

cinders, expanded shale ( Rocklite, Ilaydite, and Airox),
and vermicidite. Of these materials, those that have
structural strength are expanded sliale. volcanic cinders,

and pumice. Each lightweioht aggregate is best suited

to certain purposes and there is a field of usefulness for

each of them with overlapping competitive areas.

Proper! iex of aggregate materials.

Concrete
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PUMICE AND PUMICITE

Technology

Shrinkage. Shrink cracks in concrete are primarily
the result of the portland cement paste or matrix used,

and are more or less universal in conventional concrete.

Shrinkage takes place as the concrete dries, the

amount depending primarily upon volume change of

matrix due to drying and upon the modulus of elas-

ticity of the aggregate. However, the shrinkage of

pumice concrete is due largely to an inherent trait of

the cement and the capillary tension set up in both the

pumice and cement by the water being evacuated from
capillaries.

('(iiiciil, t.viic X(i. 1. ").") s;ick.>i of oenient per culiic .viinl of
concrete that consisted of 5.5 cnliic feet of silica sanil. t4.0 cnliic

feet of fine pumice a^'j,'re>,'ato 'Crownite," .inil Iti cnliic feet of

coarse pnniioe "Crownite."
There was no a(lnii.\tnre ; time in mixer was L!(l nunutcs. .'^Iiiinp

was ;{ inches and K faclor was 2.(50.

Specimens of this concrete were placed in a con-
trolled moisture room. At the end of 28 days the
shrinkage was O.OOOSri inch per inch; at tlie end of 40
days it was ().()010(i inch jier inch; ami at the end of

60 days it was O.OOIO.") inch ]ier inch. The '2S-day

slirinkage was 81 pei-cent of tlie 6l)-(lay slirinkage. After
60 days the specimens were dried to constant weight
and cooled to room tempei-aturc. Tlie average shrinkage
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Research on pumice concrete, has shown that as much
as 50 percent of the water of saturation can be evapo-

rated with only a slight volume chau^re in the concrete.

However, following this initial loss in water, the con-

crete undergoes rapid changes in volume due to a com-

bination of causes, mainly drying of cement matrix as

absorbed water from aggregate is dissipated. Therefore,

in pumice concrete as the initial water is removed from
the coarse openings in the aggregate, the cement is still

saturated and it is not until at least 50 percent of this

contained water has evaporated that actual drying of

the cement matrix initiates a capillary evacuation and
a consequent compressive force which produces volume
change in the concrete. Tn this process the shrinking

cement matrix is in tension and the aggregate in com-

pression. About 66 percent of the shrinkage takes place

within the first 60 days for most pumice concretes at

average atmospheric conditions.

Thermal contraction and expansion of pumice are

nearly that of any portland cement concrete and steel

so that no internal stress is thermally created. The
thermal coefficient of expansion of pumice is 0.000006

inch per degree F. This is comparable to thermal coeffi-

cient of expansion of steel which ranges from 0.00000589

to 0.00000605 and most portland cement concretes fall

in this range.

Chemical composition of the pumice has no known
influence on its shrinkage.

Concrete made of pumice aggregate that had been heat

treated had a lower shrinkage than concrete made with

untreated pumice. When pumice is heat treated the

volume of the particle is reduced about 10 percent and
the saturated surface dry specific gravity increased from
1.55 to 1.70. Also, heat treated pumice absorbs less water

than untreated pumice due to fusion closure of pores.

Although considerable research is needed in pumice
concrete, the following procedures are suggested as

favorable for reduction of shrinkage:

1. Minimum water cement ratio.

2. Optimum use of natural sand to replace the sand size in the

pumice agRreKate relative to maximum weight allowed.

3. I'se of pumice which by actiml trial and experimentation

shows that it niaUes concrete with low shrinUaRe.

4. Better curing and especiall.v more complete drying of masonry
units before selling and integrating into structures.

r>. t'se of vacuum process and vibration where feasible to reduce

amount of water.

6. Careful survey of the possibilities of using only such admixes

as determined by actual trials.

Pre-Wetting of Aggr-egate. Pumice aggregate, like

all porous aggregates, absorbs water. The time necessary

for saturation varies directly with the particle size. For
California coarse aggregate pumice, minus f inch to plus

f inch, 9 minutes is required in the mixer; for fine ag-

gregate, minus | inch to pan, 3 minutes in the mixer.

Therefore, pumice concrete containing f-inch maxi-

mum aggregate and mixed for 9 minutes or more will

not stiffen abnormally during placement, after discharge.

Truck mixed concrete mixing time almo.st always ex-

ceeds 9 minutes. Pumice grout, containing f-inch maxi-

mum aggregate, mixed for 3 minutes will also display

normal consistency characteristics. Pumice concrete con-

taining |-inch maximum aggregate, mixed for less than

9 minutes will stiffen unless the coarse aggregate, ^ inch

plus ^ inch, has been pre-wet.

To compute the amount of water necessary for satura-

tion the following procedure is used : ascertain the per-

cent by dry weight of absorbed moisture in the stockpile.

Subtract this from 30 percent and the difference will be
weight of water necessary to saturate the aggregate, to

be added to free mixing water.

Vacunm Processing. The vacuum process of remov-
ing excess w-ater is a well-standardized and recognized
process. The water-cement ratio is reduced by extracting
vehicular water normally used for workability. In the

process a compacting pressure of 1500 lbs. per sq. ft. is

created by 23 inches of vacuum process on pumice con-

crete that increa.ses up to 20 percent in compressive
strength have been obtained with a slight reduction in

shrinkage. In addition, some of the research has shown
that the vacuum process is effective in depth propor-
tional to the time of application.

Curing. Basically, curing any portland concrete

simply means supplying the concrete with moisture
while maintaining temperature between 40° and 180° F.

at normal atmospheric pressure. Much higher tempera-
tures may be used in pressure chambers, however. The
matrix (set portland cement pa.ste) hydrates during cur-

ing. "Total hydration" and "ultimate strength" might
be considered synonj-mous. Like nearly all chemical proc-

esses, the rate of cement hydration (or cure) is greatly

accelerated by heat.

Pumice concrete shows curing characteristics similar

to normal concrete because like most qualified aggre-

gates pumice is inert and has no modifying effect on
the matrix. However, the absorbed moisture in the

pumice particles is "curing water" and until exhausted
supplies the matrix internally. Therefore, it may prop-

erly be said that "pumice concrete cures itself" if the

statement is qualified regarding temperature and the

prevention of surface drying. This "self-curing" char-

acteristic is typical of all concrete made with porous

aggregate and its effect is proportional to the absorbed

moisture.

Use of good, regular, accepted curing practice is indi-

cated for pumice concrete. This is true in field cure or

chamber curing of units.

Air Entraining. An air-entrainment agent is an

artificial material which when admixed with concrete

produces in the matrix many small, well dispersed, non-

coalescing spheroids of air having diameters ranging

from 0.003 to 0.05 inches (U. S. Bur. Reclamation, 1949,

p. 36). "Darex," a triethanolamine salt of .sulphonated

liydrocarbon and "Vinsol Resin," which consists of the

petroleum hydrocarbon insoluble fraction of a coal-tar

hydrocarbon extract of pine wood are the most com-

monly used air-entraining agents.

The use of an air-entraining admix in concrete made

with well-graded pumice aggregate is indicated only

when miuinuim weight is desired and specified strength

is low (ty])ical requirements of nonstructural concretes').

In the structural strength range (compressive strength

of 1500 to 3000 pounds per square inch) of pumice con-

crete, mixes should be designed for optimum density of

the matrix. This means the lowest water-cement ratio

practicable and least possible entrained air. The prin-

ciple involved here is simple. Matrix strength has a

much greater effect upon the strength of light concrete.
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with relatively weak aggregate, than it does upon the

strength of heavier concrete using very strong aggre-

gates.

The main advantage derived from air entrainment by

concrete is increased resistance to the etfect of freeze

and thaw cycles. However, pumice concrete without air

entrainment exhibits almost perfect properties m this

respect.

Treating In order to reduce the shrinkage of pumice

concrete and vet retain the lightness of the concrete,

pumice was treated by the following methods:

1 Pre-wetting the aggregate with a solution that coats the

pumice and seals the openings, yet does not interfere with it-s

bonding with the cement. . .

2 Heat treatment whereby the mouths to the openings in the

pumice aggregate are closed or reduced in size, but still full of air.

Although both of these methods have been successful

in the laboratory, they have not been applied commer-

cially Heat-treated pumice was used as an aggregate m
tests performed by the U. S. Bureau of Reclamation

(Housing and Home Finance Agency, 1949, pp^ ^
and 10) The pumice fragments had been fused with

a subsequent decrease in volume, and
[""^f

e m
density and strength. Concrete made from this treated

pumice had at the end of 28 days a compressive strength

of 3210 pounds per square inch and a shrinkage of 0.04U

percent, i.e. a coefficient of .0004.

Annreqaie Size Gradations. Many of the difficulties

encountered in using pumice as an aggregate in con-

crete have been due in part to the gradiiig of the

material. In the work carried on by the I. S. Bureau

of Reclamation the gradation of sand is expressed m
terms of individual percentages retained on I. b.

Standard screens that are designated by the numbers

4 8 16 30 50 and 100. The gradation for coarse aggre-

..ate is 'usually determined by screens having openings

according to specifications for the particular job On

the other hand, the American Society for Testing Mate-

rials (Am. Soc. Testing Mat., 1949, p. 721) specifications

for li-htweight aggregates include all lightweight aggre-

gate materials, and there is no distinction made between

pumice, cinders, burned shale and slag. In addition

these specifications are based upon weight percent ot

material that will pass through the openings m the

various screens. It is doubtful whether they are satis-

Sije of stundnrd Tyler screen openings.

(Tyler Company Catalog 53.)

, . Inches Microns
Size and mesh incnes

, . K _. y.Om 2.5400
1 inch -_

J90.-0
i inch "1 j,-„0

I inch ^-^1 56g„
No. 3J mesh -'-

No. 4 mesh
^J^No. 6 mesh "ifi

No. 8 mesh ""^2 r''"

No 10 mesh 0O65 16S0

No' Umesh 0.046 1190

No: 20 m:'':::::: 0.0328 S4(.

No. 28 mesh 0.0232 oW
No. 32 mesh 0.0164 oOO

No. 48 mesh 0.0116 29.

No. 60 mesh 0.0082 2o0

No. 100 mesh 0.0058 149

No. \m mesh 0.0041 10-

No. 200 mesh 0.0029 .4

ic Cinders in California 103

factory for pumice aggregate since they are not based

upon percent by volume and liave a wide variation to

certain size openings from 20 to 55 percent. Gradation

specifications for pumice aggregate should be based upon

volume because the apparent specific gravity of the dif-

ferent gradations may vary and the size of the particle

is verj' important.

The apparent specific gravity of the particle increases

with the fineness of the mesh because the finer material

consists to a large extent of cell walls and not so much

of the voids themselves.

Industrial Uses

The uses made of pumice and pumicite have been

varied and numerous. The industrial uses of pumice

and pumicite probably date back to the time of the

Roman Empire when considerable quantities of these

naturally occurring materials were used in various

buildings and in harbor installations.

There are undoubtedly many more uses for pumice

and pumicite yet to be realized. Modern research is

rapidly developing new uses, perfecting old ones, and

creating new and increased markets.

Abrasive

During World War II when imports of pumice were

shut otf^from Italy, substantial amounts of abrasive

pumice were obtained from deposits in Mono County,

California.

However, one of the unique industries in California

is the mining and processing of block pumice into scour-

ing blocks. The pumice used in making scouring blocks

is^light to dark gray iu color, has a silky luster, is

frothy and very porous with openings ranging from

long "slender tubes to round pores. Crystals of quartz

ancf feldspar are lacking. The pumice at the_ quarry

occurs in angular blocks that are as much as 5 feet in

diameter. :\Iinor amounts of blasting are required to

mine the pumice at Panum Crater, ilono County. Cali-

fornia, where the pumice blocks are large and form an

integral part of a pumice breccia. Elsewhere on the

Mono Craters and at Big Glass ilountain, Siskiyou

County, tlie puiiiii-e is simply mined by selecting loose

blocks* that form the upper crust of obsidian flows or

1000 2000
COMPRESSIVE STRENGTH

^00
.f£7lBS.PERS(J.IN.

4000

Figure 3. Relation of modulus of elasticity to compressive

strength for plain pumice concrete and pumice concrete with nat-

ural sand. From Wagner, 1948.
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6° Uses of lump pumice (after Haimaker, 1942, pp. 6-7).

AVERAGE SIEVE SIZE

Figure 4. Relation of grain size to specific gravity and absorption
for pumice concrete. Data from AVagner, 1948.

domes of vesieulated glass. Careful selection is made
at tlie quarry to obtain pumiee that will pi-oduce the

highest quality of scouring blocks.

At the processing plant the pumice is cut into blocks

of two sizes, 4 by 4 by 8 inches and 3 by 3 by 6 inches.

The sawing of the pumice creates by-products ranging
from 8-mesh to minus 32o-mesh tliat are sold as abra-

Uses of ground pumice (after Hatmaker, 19Si, pp. 6-7 ).

Grade



1956] Pumice, Pumicite and VoLCANir Cindeks in California 105
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MOISTURE CONTENT PER CENT OF TOTAL

FiGi"RE 5. Curves showing relations between volume cliiin^ie and moisture conteul of ((UUTite

composed of volcanic cinders and sand. Data courtesy of W. Tonne, Wailes-HaKemau Couiiiaiiy,

Los Angeles, California.

oeeasious that the saviiins in steel have more than com-
peiLsated for the additional cost of the piimiee,

Strength-Weight Ratio. The strength-weight ratio of

pumice concrete is the ratio of the compressive strength
to the weight. For example, the strength-weight ratio

of a pumice concrete having a compressive strength of

3000 pounds per sipiare inch and weighing 75 pounds
per cubic foot would be 40.

The strength-weight ratio of pumice concrete varies

with the strength of the pumice and the mix proportions

of the concrete. In various all-pumice concretes this ratio

was found to range from 13 to 47. However, when sand
is added to the concrete there is a marked increase in

weiglit commensurate with an increase in strengtli which
results in a moderate increase in the strength-weight

ratio for the sanded pumice concrete. This increase in

strength-weight ratio of sanded pumice concrete or

"doctored" concrete ma.v suffer such penalties as (1)
lower insulating and fire protecting properties, (2) an
increase in modulus of elasticity proportionate to hard
sand used, and (3) higher unit weight (Wagner, et al.,

1950, p. 15). As compared to ratios ranging from 13 to

47 for all-pumice concretes, conventional concrete with
a compressive strengtli of 3200 pounds per s(|uare inch

and weighing 150 pounds per cubic foot has a strength-

weight ratio of 21.3.

Lightweight concrete is justified when the savings

effected more than balance any ]ireminm on its cost.

In general, it might be stated that its use in tall struc-

tures is usually justified through its light weiglit and in

low structures by the inherent insulation. The savings in

structural steel on two buildings using 26,000 cubic

yards of pumice concrete amounted to 2,000 tons, and
the savings in dead weight of the buildings alone

amounted to 22,900 tons.

Lighter foundation load is particularly iiiiiiortant

where sub-soil conditions show |)(ior load-bearing ability.

Sometimes lightweight concrete must be used, or a

smaller building constructed ; or, where the foundations

of existing structures are good enough to siipjiort addi-

tional loads, lightweight concrete will allow larger ad-
ditions.

There are other strengths of concrete that qualify

pumice concrete for structural purposes in addition to

compressive strength, but in all concretes these strengths
vary in some ratio with the comjiressive strength. These
strengths are (1) fiexural or modulus of rupture, (2)
bond, (3) tensile, and (4) shear.

Plc.rui-al Stfciigtli—Modiiliis (if Riijitun. The fiex-

ural strength of any concrete is exiiressed by the mod-
ulus of rujiture exjiressed in pounds per square inch.

Ill general, in conventional concretes of lower strengths,

the motlulus of rupture is usually 20 percent of the

compressive strength, and in the higher strength con-

cretes it is 13 to 15 percent of the compressive strength.

MESH
3/8"-

3

Fiia hi: (i. Curves showing relation.ship between grain size, spe-

citic gra\it\. and .ahsorption of volcanic cinders (scoria). I>ata

courtesy of \V. Tonne. \Vailes-J'>ageman Company, Los .Angeles.

California.
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Poured pumice coticrete structures in California.



108 California Division of Mine? [Bull. 174

Cotnpdrison of toniitrcssire find iensile utifmjth of fonviutiottal

and pumice concretes.

Conventional ooncrutc
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Figure H (Joneral Petroleum HuiUling, Los Angeles, in process of construction
;
12,200

cubic yards of luimice concrete were used in this building.
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flagration. Houses constructed of pumice concrete in

California, Engrlan:'., and Belgium, when subjected to a

temperature of 1800° F, sufficient to melt and twist steel

windows and door frames, and suddenly quenched by
playing cold water directly upon the heated pumice con-

crete revealed practically no cracking or damage to the

concrete.

A high degree of elasticity is also important in the

use of pumice concrete in its dual role of structure and
insulation, especially in such structures as kilns or re-

frigerated warehouses where steep temperature gradi-

ents and even the disintegrating effects of moving frost

lines are continuously active.

Projectiles shot through military targets made of

pumice concrete left perfectly clean holes with no spall-

ing. The same experiments made with conventional con-

crete caused shattering of the target.

The overall ability of pumice concrete to resist shock

due to elasticity was well demonstrated in Germany
where houses made of pumice concrete resisted the bomb-

ings much better than those made of conventional con-

crete.

Insulation. The insulating factor of any material is

usually termed the "K" factor which is expressed as

the number of British Thermal TTnits (B.T.U.'s) per

square foot per hour, per inch thickness, per degree

Fahrenheit temperature gradient between two sides of a

wall or block. The "U" factor is the B.T.U. per hour,

per square foot per degree. Fahrenheit for any given

number of inches of wall thickness. The lower the K
factor the better the insulation. K factors are usually

determined on oven dry samples. In actual practice, how-

ever, this is not the prevailing condition since contained

moisture of the concrete depends to some extent upon

relative humidity.

In general, the K factor increases with the density of

the material and would be much higher for conventional

concrete than for pumice concrete.

A slab of pumice concrete 1 inch thick weighing 75

pounds per cubic foot has six times the insulation value

Thermal coHductirity or K factors of various types of building

materials.

Material K factor

Concrete, with cinder aggregate * 4.90

Concrete, with hajdite aggregate * 3.73

Concrete, with limestone or gravel aggregate • 12.00

Corkboard.'! 0.30

Filierlioard • 0.33

Krick, common ** 5.00

I'lywood, ^inch thick ** 0.80

Plaster, g.vpsum ** 3.30

Yellow pine, 2.'i/32-inch thick ** 0.80

Cement, mortar ** 12.50

Concrete, sand and gravel aggregate** 12.50

Concrete, with pumice aggregate'* sanded 2.40

At unit weight of 83 pounds per cubic foot only * 1.95

• Portland Cement Association, Circular ACJ16.
*• Federal Housing Administration Technical Circular No. 7.

Helntions of compressive strengths of various lightu-^ight aggregate

materials to their respective K factors.

Compressive strength

in pounds per

Material square inch K factor

Rocklite concrete 2530 3.42

Terlite concrete 1000 1.40

Vermiculite concrete 500 1.40

Scoria concrete 2000 4,00

of a comparable slab of conventional concrete ; a wall of

pumice concrete 4 inches thick with a compressive
strength of 20()0 pounds per square inch would transmit
less than half as much heat as a similar wall of conven-
tional concrete.

Freezing and Thawing. Extensive tests were made
by the U. S. Bureau of Standards and the U. S. Bureau
of Reclamation (Housing and Home Finance Agency,
1949, pp. 13-16) on the freezing and thawing of various
types of lightweight aggregate concretes. Although the

tests were not identical in all respects, they checked each
other and consisted in general of alternate freezing and
thawing, and counting the number of cycles causing
measured deterioration in elasticity. The U, S. Bureau
of Standards established No. 100 for a perfect score,

showing no failure, and gave pumice concrete the value
of No. 90. A similar rating for pumice concrete was
given by the U. S. Bureau of Reclamation,

Fireproof Characteristics. Three houses made of

pumice concrete have been fired under controlled con-

ditions for the purpose of determining the fireproof- na-

ture of pumice concrete. The houses were built in Bel-

gium, England, and California, and in each house the

fire was built inside with gasoline or oil-.soaked wood and
temperatures carefully noted by pyrometric cones and
thermocouples. In one house the temperature reached
1800°F, in another steel windows and door frames
warped out of shape, and in all three the stidden quench-
ing by cold water showed no damage to the pumice
concrete.

Well designed pumice concrete consi-stenly demon-
strates twice the accepted value, of sand and gravel con-

crete, relative to fire rating. Pumice concrete not only
maintains its rigidity under high heat, but protects

structural members through its high insulating property
which is equal to the highest of any of the lightweight

aggregates that attain structural strength.

Absorption. All lightweight aggregate concretes are

more absorbent than conventional concretes. Lightweight
aggregate concretes derive their merit largely from ag-

gregate porosity which is an inherent characteristic and
one of the chief causes for higher absorption.

In pumice concrete, the addition of sand untier cer-

tain conditions reduces absorption. The pore spaces and
capillaries in the pumice aggregate are not of the same
size, and those that are smaller require more time to

absorb water so that a concrete which might ultimately

absorb more water may not absorb as much in ihe same
period of time.

Pumice on the whole does not make a porous concrete.

One of the main reasons for this is becaiise pumice,

which is porous by nature, when mixed with water and
cement loses its surface porosity due to sealing off of

the pores by the cement. Therefore, when the pores are

sealed there is little additional absorption of water by
the pumice and after the concrete has set, the pores to

a large extent lose their absorptive characteristic and
thus minimize absorption.

If considerable sand is added to the concrete and no

air-entraining agent used, there is little difference be-

tween the absorption of pumice and conventional con-

cretes.
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Relation hettreen uiis. irtiyht of concrete anil irater absorption of

Mew Mexico puuiive concretes ivith and without sand.

Sample
nuniher
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blocks to separate as a result of hijrli temperature. Tlie K factor for pumice plaster is very important
Pumiee eonerete blocks and otlier masonry members have anil is not depeiulent entii'ely ujjon tlie nature of the
been proven by tests to be more firei)roof than conven- agfrregate, but also on the 12 to 16 percent dead air
tional concrete blocks which have an acceptable fire- cells introduced by the air-entraiiiin<r ajrent. The K fae-

proofing rating. tor for pumice plaster is 0.57 and that for standard
,, . rr.u u .• t? ^ gvpsum hardwall piaster ranges from 8.0 to :i.").
Absorption. The absorption ot pumice concrete . . n

blocks is slightly greater than for conventional heavy ,

'^
^"""l

"^" t-oi'^'^ting ()f a l-mch covering of Insu-

eoncrete blocks. Although it is not as great as with som'e !^^'"^ Aggregates e.xterior stucco over metal lath. 2-

of the more porous lightweight aggregate concretes, well-
'"'''' }'>'. ^-'"^''' ^t"'lil"'V^ •'"'^1 «" '"tonor finish of i-inch

graded pumice mixes have been and are now being used nsulatiiig Aggregates interior pla.ster on ,>„-inch plaster

to produce lighter and less permeable units than any '''^'^ -»"' '^ "'"' ' ^'"-f'"'^ res,)ectively of 0.21 and 0.18.

other lightweight concrete. It should be recommended Pumice is used not only as aggregates for plaster, but

that the outer surface of the wall be brush coated with ^''^o ''• tlie manufacture of roof slabs in which portlaiid

a cement base paint. The cost for such an operation is cenient substitutes for gypsum. A roof slab (•(.ntaining

nominal and the appearance of the job is greatly im- -^••"> cubic feet of pumice plaster aggregate to 1 cubic

proved. t""' "f cement ga\e the following test data:

W'ciyht per
Permeability. Certain masonry units are intention- Thickness V Factor square jooi

ally made of a porous structure by machines that pro- 2 inches 0.285 10 pouml.-i

duce blocks containing from 15 to 20 percent voids. -•' iiiciies___ 0.228 12.2 poiimis

These voids are desirable for thermal insulation and •' ""'"''' "•^^'' ^•"' '""""'"

acoustical advantages. A consequently greater per- The 28-day tensile strength of the above mix was
meability in this type of unit is no disadvantage as the k;:] P.S.T., and the compressive strength of another
unit is never exposed to the weather. mix containing one part of cement to 4.5 parts of piim-

Block makers have many dift'erent ways of making ice plaster aggregate was 1048 pounds per square inch
and compacting their concrete, which results in varia- at the end of 28 davs.
tions in the permeability of their concrete blocks. Al-

though the mix can be designed so as to reduce per- Agricultural Uses

meability, it may be done at the cost of other factors Soil Conditioner. The functions of pumice in soils

such as weight and insulation which might be more are to render the soil more porous and to improve
important. aeration. The introduction of air into the soil even

Plaster Aggregate and Acoustical Granules though the pumice is wet is very important. In both

Pumice plaster aggregate and acou.stical granules are
o^, ^^"'''\ finu'tions the pumice plays only a phy.sical

produced by a few pumice producers in California.
''"'^ '""^

^'l"'^,
""^ ^"^'''; "'aterially into the chemical

These materials are products of considerable research
processes ot plant growth.

and experience and many of the details of their nianu- Considerable work has been done by the University

facture are not available" for publication. "f California at Los Angeles on pumice from Crownite

The Insulating Aggregates Company, Bishop, Cali- Corporation's de|)osits in the Coso Range, and so far

fornia, is one of the leading producers. At their (luarry. «'l results reported have been very good. The pnniice

which is in Mono County about (i miles nortli of Laws. li«s been used for the following purposes: rooting,

an extensive bed of white pumice is mined by strijiping propagation, potting, greenhouse tables. Hats, turf cul-

and moved with a HD-14 Caterpillar bulldozer to a t^re, mulching, row crops, citrus and pasturage,

processing plant adjacent to the quarry. The pumice is The most work has been done on turf culture, in

dried, screened, air tabled and pas.sed through a Ding both established tiirf and new installations. When spik-
magnetie separator before being packaged in 2.25 cubic iiig to aerify old tnrf, a top dressing composed largely
foot-bags that weigh 80 pounds when full. of pumice may be raked in. and both aeration and soil

In order to produce a precision product, especiallx- conditioning are accomplished thereby-. In new turf
acoustical granules all of which are minus S mesh and installations, or where it is practicable to roll ba<-k the
plus 30 mesh, very accurate screening is re(|uiic(l. ILjw- old soil, iHiniicc from 20 to 30 |)ercent may be tilled

ever, the sizes of screens used and the Xy\w of air-en- into the subsoil, usually by rototiller. Roots will go
training agent added to the plaster aggregate are trade down as far as the pumice is worked in. in sinne places
secrets. Although no air-entraining agent is added to the more than 8 inches, a fact of ])articiilar value in mulch-
acoustical granules, one is added to the plaster aggre- iiig in hot dry areas. For this ])urpose a thickness from
gate to aid insulation, workability, sound control and \ inch to 2 inches is spreail on the ground for insula-
reducing weight. tion against heat and for moisture conservation. Turf

Plaster containing 60 percent pumice aggregate and and iilaiits readily grow through this mulch. In many
40 percent gypsum weighs about a third as much as an cases year round jilaiit life has been achieved,
equivalent amount of standard gypsum hardwall plas- The accompanying tables show clearly the absorp-
ter. One square yard of pumice plaster i inch thick tion. retention and exudation of pumice. These data
weighs 14 pounds when dry as compared with a square i)lace the values of absorption, retention and exudation
yard of standard gypsum hardwall plaster \ inch thick at about optimum for the function of a soil conditioner,
at 42 pounds. Therefore, the saving in weight when using It means that, along with lightening heavy soils, it can
pumice plaster for each 100 sipiare yards is about 2.800 introduce retention into light and sandy' soils so that
pounds. the nutrient does not leach below the i)lant roots. When
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Absorption and retention
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screen analysis sliouKl be !)0 to 99 peri-eiit passinfr 325 Most of tlie volcanit- cimlers in California ai-e dark
mesh (Watkins and Norton, 1!)47). Averajre i>artit'le reddish-brown to brownisli-black and take their color
size as well as the ran-re of particle size should be con- from the oxidized iron in the constituent minerals,
trolled closely and the bulk driisity ma\- vary from 35 They vary in texture from coarse cellular to fine eellu-

to 45 pounds per cubic foot for ground dustinjr diluents lar; because the cell walls are usually thicker than in

to 60 pounds per cubic foot for airplane dustinj; diln- pumice, they have a hijiher specific jrravity and bulk
ents. The <rround dustin? diluents are lighter in weifrht density. One cubic yard of crusiied dry volcanic cinders
because the relative di.stance between the dustinfr ma- weijrlis from 1,200 to 1,500 pounds as compared to 850
chine and the plant is a matter of only a few feet. pounds for jiumice.

Most of the pumicite used in insecticides in California
c ] •* T-»'*-\Ti n i 1 Chfutirfn aitatifsis of volraiiiv cindeyx and Dttniirrcomes from deposits near Fnant, Madera Countv, where '

p«"ii(<.

the pumicite is mined and prepared for shipment to
Voi<«ni<- oIikUm-.s • i-umice*'

markets throughout the United States. ^',^, 1111 1 ""yZyiH 111111 1824 ™S2
Oil Well Slurries. Recently, pumice has been used as vlo' -111111111111111111111 11 Vilu 14"

a slurry component for oil well cementing. For this caO IIII 9..-18 i.'tH

purpose pumice in the size of minus 200 mesh is mixed MgO r>.73 0.4!)

with Portland cement in the ratio of 25 to 60 percent ^"?P 4.!)0 H.S2
„ ,, '

, rni 4. c J 1 1 K-O 2.20 :{ !>2
of the slurry. The percentage ot pumice used depends rpj^^ — r~^ '••-

upon such conditions as depth of hole, temperature, H2O+ IIIIIIIIII"" 0.72

porosity of the formations being cemented, and general H2O— 0.22 0.,5.3

groundwater conditions. The slurry is introduced into * -Niirman. I,. .4.. Jr. and Si™arl. Klcli.inl M. m.-jl. Mine^ and minfral nsources ot

.1 11 • „* 1, * -I
- r\i\n

*
1 1 ^"yo Cunnt.v. Califoniia: Catifurnia Jou . Mints and Cenliiiiv. vol. -17. no. I. p. 111.

the well casing at about lo.OOO pounds per sipiare inch •• Typical immke. aveiaee »f .so s.mi.u-s. •

k ' •

pressure causing it to rise between the casing and the ^-

wall rock and thus cementing the ca.sing in place. Technology and Viilizatioti. Volcanic cinders make a
structurallv strong concrete, much stronger than pumice

Pozzolan. Substantial amounts of ground pumice and concrete. Because of the thick eel! walls, cinders have a
pumicite are used in the manufacture of two types of higher compressive strength tiian pumice and conse-
cement, pozzolan cement and tufa eemeut. Pozzolan ce- ,,uentlv make a concrete with less shrinkage. In addition,
ment was used by the Romans many centuries ago and ^,5^,.^ j^ i^^^ ,,.j,t^,. absorption than with puniiee and a
consisted of pumicite (volcanic ash) and slaked lime 111 qi,i,.ker loss of water bv evaporation
a ratio of 2 to 1. Tufa cement, on the other hand, is - m • 1 ,• r- . ,. , •

,

made bv blending tinelv ground pumice or pumicite
The insulation or K factor or co.u-j-ete ma.le with

(minus '325 mesh) with portland cement of varving
volcanic cinders vanes from 2.4o to 3.o ivlat.ve to its

proportions (Lippincott, 1913). Tufa cement was used "'"J
'^^^ ''" '-""'Pared to l.h to 2.< tor ,,iimice con-

extensively in the construction of the Los Angeles a-pie-
'''''^'' "* comparable strcngtli and weight,

duct from Owens Valley, California. The pumice or The accompanying data are typical of a iiroduct of a

ground pumiceous tuff was mixed with cement clinker cinder block manufacturer in southern California who
on a 50-50 basis and ground at the cement mill. Also. utilizes volcanic cinders from deposits located near

since the construction of the Bay and Golden (late Little Lake, Inyo County. California,

bridges at San Francisco where pumicite was used as
, , , .

„ 1 • . -.1 ii 1 ^ ^1 11 • Sriven antitysis of rolvfinic cttiaerx.
an admixture with portland cement, there has been 111- ^-^.^^

-^

I'erccnt retained
creasing use and interest in pozzolan-portland cements. i-ass immlM-r 3-iiu-.sii aiul retained on number

Ground pumice and pumicite when added to portland „"!""""''','
.'""V^"".. .-"!!-

. ! -1 •. 11 . 1 • ,- • , Ketaiiied on nnmher 8-mesn 2.>-.{.j
cement exhibit excellent pozzolanic properties which Retained on number ifimesh 1.-.-2.T

lower the rate of heat of hydration, raise the ultimate Retained on numiier .so-nn'sb l.%-20

strength, and increase resistance to corrosive waters

—

I'a.ssiiiK number ;io-ni«sli :«(-n

hence are extremely useful in construction of salt water mi , 1 , - r-^ ^r.

installations. In addition, both ground pumice and pumi- ^^'^ dry loose aggregate weighs from 50 to 60 pounds

cite, when added to portland cement, inhibit alkali re-
Per i^nbic toot has a bulk density of 1.7 to 1.9. and a

activitv '^ factor of 2.8.

MiJ-tiire ^VritJht

Minor Uses. Some pumice is used in brick manufac- Cinder aKsre^ate l.soo pounds

turing, filtration, as filler in non-slip paints, and as \Va.she,i c.nu-rete sand Toti pounds

ab.sorbents. Small amounts of pumice have been mixed Riverside portbu.d cement (mm. p„„nds

with silicates to make insulation in glass working fur- rni * • 1 mo . ,, 1, , .,k; . f„„t n.,^
/T J ifi.T, ,-, i_o\ The concrete weighs Ul.i pounds per cubic toot and

naees (Lormand, 1921. pp. 1(1-1(2). ^ „ 1 r 00 1 1 .. *i,
'^

'
'

at the end of 28 days has a gross compressive .strength

VOLCANIC CINDERS ("SCORIA") of 1250 pounds per stjuare inch and a net compressive

,^ , . . J .. . ,, nil.,- strength of 2375 pounds per stiuare inch. Heavily
\ olcanic cinders or scoria are usually basaltic in • . 1 11 1 1 i' *! I i „ 1 * ,.,„„

J f J .ti- 1 " -a elected blocks made ot this concrete show no detorma-
eomposition and were formed through expansion of : , ,,.,, 1

gases contained in basaltic lavas that issued forth onto
tion. and are oven cured tor U> hours at temperatures

the earth's surface. They are crystalline, although ranging from 160 to IM) l<
.

lotal moisture absorp-

glassy in part, and made up of minute crystals of basic tion is 14 pounds per cubic foot or 14 iiercent. After

feldspars and pyroxene set in a cryptocrystalline air drying for 2 weeks there is about 4 percent moisture

groundmass of the same minerals. reinaining.
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1!).-»6| I'lMU K. TlMK ITE AND V(M,( ANM ('lM)KRS IN CALIFORNIA ir

Concrete blocks made from volcaiiie cinders liave

proven to be most satisfactory for both residential and
industrial buildinj.'s. and lar<re amounts of volcanic cin-

ders are bein<r used in hi^dnvay construction and main-
tenance and as railroad ballast.
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(See also the tabulated list, paces 90-!>7

Adelaida, deiiosits near, X\
Airox, '.)'.)

Altiiras area, 28-2!l
;
Kei)li)>;ic map of, 12

Alvamez deposit, 32 ;
pho((» of, 4.'{

Ambo.v Crater, age of, 24

American Radiator and Standaril riiiniliint; Corporation RnildiiiK.

photo of, 112
Anderson Ranch dejiosit, 21*

Atascadero, dejtosits near, M.S

Bailey Raneh pumice deposit, 32
Basalt Rod; Company deposits, 30-31

;
quarry, photo of, 42

Bay Bridge, ll.")

Big Glass Mountain, 103
Black Eagle pumicite claims, 33
Bishop-I,a\vs area, .")i(-(!2

Bishop tuff, :>7. .W, .-)!l, 60
Black Mountain, (Jl ; pumice deposit, 08
Blind Spring Valley area, 54-56, 60; i>uniice area, geologic map

of, 16
Blue Cloud chinchilla dust deposit, 87-M.S

Boornian Pumice Products deposit, 26
Bragdon fcjrmation. 2!>

Brewster deposit, •")(>, .5S-.5!)

Buckley pumice dejiosit, .55-.56
;
plioto of plant, 40

Calico formation, 85
California Industrial Minerals Company deposit. .35; photo of

pumicite, 38 ;
photo of quarry, 44

California-Nevada Buililing Materials Producers deposit, 65;
photo of, 74

California Quarries Company, 60
Calsilco Corporation deposit, 68; photo of quariy, 70; photo of

plant, 79
Chimney Rocks, 28 ; photo of, 41

Cicero pumice deposit, 31 ;
photo of, 43

Coleman deposits, .32 ; (luai-ry, photos <tf. 43
Conistock deposit, 61 ; quarry, photos of, 51

Copco Dam, deposits near. 28
Coso formation, 62, 63, 64, 66; iilioto of, 74
Coso Range, 62-66; data lUi pumice aggregate from, 108; geologic

map of part, in pocket
;

phot<i of, 60, 72, 74 ;
photo of pumice

in, 37
Crawford lea.se, .58 ; analyses of iiumice from, .56. 57
Crownite Corporation deposits, 63; claim map of, 17; jihotos 60,

70, 71; photo of plant, 75; photo of pumice in. 71 ; pumice,
tests on, 113

Cudahy Packing Company deposit, 68 ; analysis of pumicite from, 85
Darex, 102
Dish Hill, 86
Dish Hill volcanic cinders, 87
Donna deposits, 63, 64-65

;
geologic map of, 20

;
photos <if, 73

;

stratigraphic section in, 62
East Sand Butte, 29
El Paso Mountains area, 67-85; geologic map of pait of, in pocket

Enloe quarry. 25
Erick.son pumice [lit. 34 ; analyses of material from. 34
Estella pumice deposit. 58
Fouch Pit, 25

;
photo of. 40

;
photo of pumice in. 40

Francis Cleanser mine, 33
Frianite, 35
Friant, deposits near, .34

Friant formation, 34
General Petroleum Building, photo of, 100
Glass Mountain, 8, 24-27; claim map of, 11; geologic map of, in

pocket ; isopach map of, 10 ;
photo of, 39 ; photo of pumice

from, 40
Glendora volcanic rocks, 87

Golden Gate Bridge, 115

Grasshopper Flat, 28

Great Northern Railroad deposit. 29; photo of, .38

Grey Eagle mine, 33

Grillmaster .scouring blocks, 27
'^'^t<L'

Haraszthy champagne cellar, .5 , ^'>

Haydite, 99
•

'
"•'

Hotlum Cinder deposit, 29 A

Insulating Aggregates, Inc.. li:'.; deposit, (iO-61 ; jdant, photo of,

37 ; (piarry, photos of, 37, 52
Inyo Pumice Corporation deposit, 65; photo of, 74
lone fi>rmation, 35
Irvine quarry, 36
.lamieson deposit, 61 ; photo of (iuarr,v and jilant, .52

Kegg, deposits near, 28 ; age of. 24
Lake Merced, deposits at, 32-33

I^ast Chance Can.\'on, 68; photo of beds in, 70
I-ava-Lite Products Company, 33, 87
Lawler tuff, 30, 31, 32
Liberty Bell deposit, 29
Little Glass Mountain, 27-28; geologic map of, in pocket
Little Lake, age of cinder cone near, 24
Little Mount Hoffman, 28
Los Angeles aqueduct, 115
Ix)s Jledanos Hills, tuff in, .32

Lucky Lager deposit, 65-66
; photos of, 74 ; stratigraphic section

in, 62
.Magic Polish, 33
Mathieu pumice deposit, .50

McCloud River Railroad deposit, 20
.Medicine Lake region, geologic map of, in pocket
.Mehrten formation, 35
Mint Canyon formation, 88
.Mono Craters area, S, 54, 103; geologic map of, 15; photos of,

37, 46, 47
;
photos of pumice from, 47

Monterey formation, 30
Mount Hoffman Pumice claims, 25-26

Mount Pi.sgah, 86; photo of, ,84; volcanic cinders deposit, 87;
photo of quarry, >'<4

Napa pumice area, geologic map of, 13

Neroly formation, 32
New Materials and Metals Company, 36
Nomlaki tuff, 3.5

Nuee ardente tuff, analysis of, 63
Oasis pumice deposit, 62
Olisidian Kutte, 86
Opal Mountain dei)osit, 68
or Reliel Mineials Inc., 35; ph<ito of (piarry, 44
Old Dutch Cleanser. 68
Orinda formation. 31
Paint Pot Crater, 27, 28

;
photo of, 41

I'anum Crater, .54, 103 ;
photo of, 47

Pearl pumice deposit, 31
Peirano quarry, 36 ; photos of, 45
Pinole tuff, 31

Pioneer Pynqdiyllite Company, 66
Pittsburg pumice area, geologic map of, 14

Pumice, analysis of, 115 ; map of dejiosits, in pocket
Pumice and Pumicite Mining Company deposit, .34-35; photos

of. 44
Pumice Industries. .35

Pumice Stone Mines. 28
Pumice Stone Mountain, 27 ;

photo of. 41

Pumicite. nuip of deposits, in pocket

I{ae-Spencer deposit, .59 ; photo of i)umice in, .50

Ray Gill deposits. 63-64; geologic map of, IS, 19; photos of, 69,

70, 71, 72
Red Ciniler Mountain, 66-67; analysis of cinders frcun, 66; photos

of. 76. 77. 78
Redlite Aggregates, Inc., 66-67; photos of (piarry, 76, 77; photos

of iilant, 78
Red Rock deposit, .53

;
photos of pumicite in, 46

Reynier Ranch volcanic ash deposit, 88
Ricardo formation, 67, 68; photo of, 79
Rocklite, 00
Rock saw, photo of, 40
Round Mountain pumice deposit, 65
Sacramento Can.von i)umice deptjsit, 61

Salton Sea, 86
Sand Doiui dejiosit, 55; quarry, photo of, 48; photo of pumice

in, 49
Santa Fe Railway pumicite, S7
Santa Margarita formation, 33



19561 PUMK'K, I^T'MICITE AND VoLCANIC CiNDERS IN CALIFORNIA

INDEX—Continued

119

Saw. plidto cif, 4(t

Scismotite. ()7, (iS
;

iiliotii of, 79
Sli:istalite Brick ('oiiiiinii.v deposit, 29; photo of quarry, 41

Slidshiini'. phiitii iif pumice operation at, HO; stratisraphic seotidii

near. S")
;
puniicite, analysis of, S.") ; volcanic ash (]epf)sit. (iS

Sierra IMacerite Corporation quarry, H(y

Skoria Star Hrick Company, 27
Snoeshoe deposit, ."iS

; photo of pumice in, .S7, .">(>

Sonoma volcanics, ;{()

Soule Kanch. deposits near, 28
Southern Coulee, photo of jiuiuice from, 4S
Southern Pacific Company deposits. 2.S-2!>

;
photo of. 42

Splane cinder deposit. t>7 ;
photo of, 7S

Superlite Builders Supply Company deiiosit. Sli
;
photos of, ,S1-S;H

Surprise siding, photo of rocks near, 41
Surprise Station, 28-29

Thompson Pumice Company deposit, 2.">
;
photo of plant. 411

Tionesta, deposits near, 2.">, 29 ; age of, 24
Tournalayer process, 104
Tuftile, ;{6

Cnited States Pumice and Supply Company, Inc., deposits, 27, -"4
;

jihotos of, 37. 48

r>8, CO: photos of. :57, .">0, .'.1

of, 49

deposit. tJT

in pocket
photos of. 7t'>-79 ; anal.vsis

I'pper Cedarvilie series, 28
Van I.oon "Fines" deposits, iiii, .">7

Vaipieros sandstone, Xi
\"ict<iry deposit. .">(>

;
photo

\'iusol Resin. 102
\'oIcanic C'inder C<nni<an\

of. 11-"); maj) of dep^tsits

Volcanic Products Corporation deposit, 2(

Volcanic rocks, map of. 9
Volc.-inic Tahleland, .">9-(;()

Walker pumice deposit. 31
Warren deposit, XG-.'iS

; photos of, 4.")

Weatherby Ranch puniicite deposit, .'i.*?

Weisman puniicite deposit, 29
Western Talc Company, OS
White Rock placer deposit, 'i'

;
photos of. 49

Wildcat sroup. .33

Williams Brothers deposit, Sli-ST
:

phot

section in. 8,"»

Wil.son cinder-iiumice deposit, 3.3

W(jlfskill formation, 32
Yellowjacket Spring area, .')0-.'i9. 00. 01

;
geologic nuiji (jf. K!

I-..0

if. S3
; stratigraphic
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